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THE CARDIORESPIRATORY MECHANISM IN HEALTH 
AND DISEASE * 


R. G. PEARCE, M.D. 
AKRON, OHIO 


The most common complaint of the cardiac patient is shortness of 
breath. For this reason the average physician uses the respiratory 
response to effort as a measure of the efficiency of the circulation. 
Nevertheless, the intimate relation existing among circulation, respira- 
tion and metabolism is not generally appreciated by members of the 
profession. 

The basis of life lies in the chemical changes which we term metabo- 
lism. It is the energy liberated by the oxidation of carbon and hydro- 
gen that maintains the body functions and supplies the forces required 
for external work. Indeed, the amount of oxygen which the body 
uses in a unit of time has been found to be the most accurate measure 
of the energy output. 

The oxygen consumed by the tissues must be transported from the 
lungs to the working cells by the blood. Failure to supply oxygen in 
sufficient amount to maintain the well-being of the tissues, or to remove 
the waste products of metabolism, such as carbon dioxid, is the cause 
of the distress both in the cardiac decompensated patient and in the 
winded athlete. Without doubt, the most prominent role of the cir- 
culation is its respiratory function. Lack of oxygen kills the tissues 
as quickly as many active poisons. Because of this intimate relation- 
ship existing among respiration, circulation and metabolism, I have come 
to consider them as forming a single physiologic system. 

Fortunately, each of the functions of this physiologic triad has a 
certain elasticity, or what has been termed a factor of safety, and minor 
changes can occur in either circulation, respiration or metabolism with- 
out serious effect. Changes in one are compensated for by adjustments 
in the others. 





*The Hamilton Biggar Prize Essay, Cleveland Medical Library Associa- 
tion, November, 1919. From the Cardiorespiratory Laboratory, Medical Ser- 
vice, Lakeside Hospital, Cleveland. 
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THE RELATION OF THE CARDIORESPIRATOCRY FUNCTION TO 
METABOLISM 


In a series of experiments on men doing progressively increasing 
yet moderate amounts of work, Boothby’ found that there was an 
almost strict parallelism in the time volume of the blood-flow, the time 
volume of the ventilation, and the oxygen consumption per unit of 
time. If we make the assumption that the tissues are bathed when 
at rest with blood having the optimal concentration of the respiratory 
gases, we should expect that the body would attempt to maintain the 
same optimal concentration for all degrees of muscular work, and 
3oothby’s findings are not surprising. Moreover, we know that neither 
the blood nor the tissues can store any great amount of the respiratory 
gases, and hence, the gaseous exchange of the body must be adequate 
to meet the demands of tissue metabolism, increasing or decreasing in 
volume with extreme rapidity according to the respective changes in 
the gaseous demands of the tissues. 

At low levels of metabolism, it may be that such a condition obtains, 
but when the oxygen consumption is increased tenfold, as it may be 
during great muscular effort, a greater blood-flow than we can conceive 
as being possible must be present if the tissues are to be bathed with 
the optimal pressures of the respiratory gases. For example: we 
found that, while the average resting man uses about 275 c.c. of oxygen 
a minute, he uses about 1,100 c.c. when walking 3.5 miles per hour; 
and 2,060 c.c. when running at a rate of 5.5 miles per hour; that is, 
he uses four times the amount of oxygen when walking and seven and 
a half times the amount of oxygen when running, at these respective 
rates. If the volume of the blood-flow and the volume of the alveolar 
ventilation increased proportionately with the oxygen consumption, the 
normal resting minute volume of blood would be increased from the 
generally accepted average volume of 5 liters to 20 liters when the sub- 
ject was walking, and to 37.5 liters when running, as given above; 
and the. normal resting alveolar ventilation, estimated by me to be 
about 4.5 liters per minute, would be increased to 18 and 33.75 liters 
for the respective oxygen consumptions. 

It is rational to hold that the concentration of the respiratory gases 
in the tissues at rest is best suited for the tissues, and that unless 
the minute volume of alveolar ventilation and the minute volume of 
blood increase in direct linear proportion to the consumption of oxygen 
or the excretion of carbon dioxid, the blood leaving the tissues will 
contain less oxygen and more carbon dioxid than is best for the well- 
being of the tissues. Figure 1 shows graphically the optimal theo- 
retic relationship of respiration and circulation to metabolism as a curve, 





1. Boothby: Am. J. Physiol. 37:383, 1915. 
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in which the abscissae represent work in terms of oxygen consumption, 
and the ordinates the minute volume of the circulation and respiration. 

The volume of oxygen consumed and of air breathed during rest 
and during muscular effort can be measured accurately, but the mea- 
surement of the volume of blood passing through the lungs or heart 
in unit time is difficult and uncertain, since the methods used are 
indirect ones. Using what is probably the best indirect method for such 
measurement, Krogh estimates that during extreme muscular effort 
his systolic output is about 12 liters per minute. In an athlete he 
found a maximum of 21 liters. Using as a standard the theoretic 
relationships among circulation, respiration and metabolism, as shown 
in Figure 1, I found in short experiments on myself that the volume 
of air breathed was greatly in excess of that theoretically required 
by the body when about 2,700 c.c. of oxygen were being consumed 
each minute. Although no measurements were made on the volume 
of blood passing through the lungs, it is difficult to conceive of the 
heart as capable of discharging about 50 liters of blood per minute 
—the amount required theoretically, as shown in Figure 1. Since at 
this time the heart rate was about 160 per minute, a systolic output 
of over 300 c.c. would have been required. 

Evidently, the volume of air breathed when high levels of oxygen 
consumption are established is greater than is theoretically required to 
maintain the resting concentration of the respiratory gases in the blood, 
while on the other hand, the volume of the blood discharged by the 
heart is less than the theoretic optimal value. 

Certainly, the ability of the heart to increase the minute volume 
of blood is more limited than the ability of the body to use oxygen 
or to ventilate the lungs, and the harmony normally existing among 
circulation, respiration and metabolism at rest may be disturbed by 
both physiologic and pathologic conditions. For example, in the case 
just cited, the breathing which accompanied maximal physical effort 
was disproportionate to the volume of carbon dioxid excreted or the 
oxygen absorbed as compared with the normal ratio found at rest. 
Cardiac dyspnea is another instance of the disturbance of this relation- 
ship. Here we have evidence that there is a decrease in the mass 
movement of the blood, but there is only rarely a most moderate 
increase in the resting metabolism, and the minute volume of air 


respired is larger than in the normal resting man. The phenomenon 
of getting out of breath is simply the reaction of the respiratory center 
to a blood supply which is not adequate to the metabolic needs of the 
body at the time. In fact, the amount of work which a normal mar 
can do is not limited by his ability to utilize oxygen or to ventilate 
his lungs, but rather by the ability of the circulation to meet the demands 
of the tissues for oxygen and for the elimination of carbon dioxid. 
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In view of the rather limited response which the heart can make 
to the demands of metabolism, it is well to determine what reserve 
elements of safety or degrees of elasticity may be present in the 
metabolic function, the heart’s output, the circulating blood, and the 
respiration to compensate for the heart’s feebleness and make possible 
the maintenance of higher levels of work than we have shown to be 
theoretically best for tissue well-being. 


METABOLISM 


In order to work, the tissues must be supplied with foodstuffs and 
with oxygen. A limited amount of work can be done by muscle in 
an atmosphere of nitrogen, but in this case it is using its stored up 
energy, and fatigue products, such as lactic acid, collect in the muscle. 
If oxygen is supplied to such a muscle, it is able to perform a consider- 
able amount of work again without replenishing its carbon supply. 
There is evidently a small factor of safety in the pent up energy of 
muscle; supply of oxygen must be furnished it continually and its 
carbon dioxid removed immediately. 


THE CARDIAC OUTPUT 


The tissues are dependent on the blood which is delivered by the 
heart for their metabolic exchange. Unfortunately, the methods which 
have been devised to study this important question of physiology are 
not well adapted for clinical work, inasmuch as they are so difficult 
that even to obtain normal results is a great task. The best data 
indicate that the resting cardiac output is from 4 to 5 liters per minute, 
and that at most this amount can be increased fourfold, and this only in 
the case of trained athletes. The result on the volume flow of blood 
of increasing the heart rate is dependent in the first instance on the 
venous pressure. Increase in heart rate, without an increase in the 
venous pressure in large veins and auricles, resulting in better filling 
of the ventricles, has little or no effect on the cardiac output. The 
greater the volume of blood delivered to the heart, the greater will 
be its output. The optimum venous pressure is that which fills the 
ventricle during diastole to the maximum extent to which the ventricle 
is able to respond (Starling*). As the rate of the heart is accelerated, 
the inflow of blood can be increased without overfilling the ventricles. 
When a larger volume of blood is needed, the accessory factors which 
maintain the flow of blood in the veins, such as hydrostatic pressure, 
muscular contraction and muscle tone are, therefore, more important. 


2. Starling: Linacre Lecture on the Law of the Heart, New York, Long- 
mans Green and Co., 1915. 
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The changes in force and rate of the ventricular contraction, which 
accompany increased effort, are the means by which the heart is able 
to deal with the increased volume of blood which is being delivered to 
it. Such being the case, an increase in the heart rate can be effective 
in increasing the minute volume of the blood only as long as the length 
of diastole is sufficient to insure complete filling of the ventricle. It 
has been found that rates over 150 or 160 do not increase the minute 
volume of blood. 
THE BLOOD 


In the case of blood there is some elasticity in the amount of oxygen 
it can deliver to the tissu*s and likewise in the amount of carbon dioxid 
it can take up. 

The arterial blood normally contains about 18.5 per cent. by volume 
of oxygen—that is, 18.5 c.c. in 100 c.c. of blood—and it is estimated 
that the normal resting organism on an average uses 5.5 per cent. by 
volume in the capillaries. Therefore, the individual has about 13 per 
cent. by volume of unused oxygen in the blood returning to the lungs. 
This amount is reserve oxygen, and in case of necessity the organism 
may use some of it. Theoretically, it would be impossible to raise 
the oxygen consumption more than three and a third times (18.5 + 5.5 
= 314), the normal resting figure, without increasing the minute volume 
of the blood. However, even under the most extreme conditions, the 
blood does not lose all of the oxygen in the passage through the tissues. 
Probably the amount of oxygen which each unit of blood contributes 
to the tissues never exceeds 13 per cent. by volume, or from 2 to 2.5 
times the average amount.® 

If it is granted that the blood in the capillaries can give up 2.5 times 
the normal amount of oxygen, then when metabolism is increased 7.5 
times, as when running five and one half miles per hour, a blood-flow 
of 15 liters per minute would be required (37.5 + 2.5). With a heart 
rate of 120, each systole would need to expel 125 ¢.c. of blood. This 
amount may not be impossible in the physically trained man, but it 
probably approaches the limit of the heart’s ability to expand. When 
work is accomplished which requires ten times the resting consumption 
of oxygen, certainly the limit of the heart’s ability to supply the required 
blood is reached in most individuals, and such strenuous work is impos- 
sible for any length of time. 

In the case of carbon dioxid, we have a_ different mechanism for 
transportation from that with oxygen. This gas is normally present 
in the blood in three states, viz., dissolved in water, making the weak 


3. Recent work by Lundsgaard on patients suffering with anemia indicates 
that in this disease the reserve oxygen may be almost entirely used, J. Exper. M. 
30:147, 1919. 
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acid carbonic ; combined with sodium to form the carbonates and bicar- 
bonates, and is claimed by some to be loosely combined with protein. 
The ratio of free to combined carbon dioxid by volume in arterial blood 
is about 1 to 20. In venous blood the ratio is less. The amount of 
sodium bicarbonate is not a fixed quantity; it increases, as Zuntz first 
showed, when blood goes through the active tissues and decreases as 
blood loses carbon dioxid in the lungs. Hamburger showed that the 
corpuscles, and to a less extent the proteins of the plasma, are able to 
absorb chlorin, thus liberating sodium to be combined with carbon 
dioxid when its pressure in the blood is increased, or to give up chlorin 
again to form sodium chlorid when the pressure of carbon dioxid is 
decreased and the acidity of the blood is increased. At low carbon 
dioxid pressures there is relatively more of it bound with sodium in the 
blood than at high pressures of carbon dioxid. Superventilation of the 
lungs will wash out the carbon dioxid of the blood, in which case the 
combined carbon dioxid will be decreased less rapidly than the free 
carbon dioxid, whereas, underventilation of the lungs would result in 
the opposite condition. While the carbonate content of the blood varies 
considerably with the volume of respiration, the oxygen content is 
practically uninfluenced. 
RESPIRATION 


Under conditions of rest and normal breathing the pressure of car- 
bon dioxid in the alveolar air of man is maintained at a fairly constant 
value in each individual, from which it deviates only slightly. These 
facts were first established by Haldane and Priestley.* Campbell, 
Douglas and Hobson *® showed that an increase of 2 mm. Hg in the 
alveolar tension of carbon dioxid is sufficient to double the amount of 
ventilation of the lungs. Under ordinary conditions of rest, then, the 
amount of air breathed in a given time is so adjusted as to keep the 
alveolar tension of carbon dioxid practically constant. Haldane and 
Priestley also showed that the alveolar tensions of oxygen may be 
varied widely by breathing atmospheres containing different percentages 
of oxygen, without sensibly affecting the amount of ventilation of the 
lungs. Within wide limits, they believe the ventilation of the lungs 
is regulated by the alveolar tension of carbon dioxid, and is relatively 
independent of the alveolar tension of oxygen. 

Krogh * and others have shown that the pressure of carbon dioxid 
in the alveolar air is nearly equal to that of the arterial blood. It 
follows, therefore, that the carbon dioxid pressure in arterial blood is 
relatively constant. This constancy of alveolar ventilation is generally 


4. Haldane and Priestley: J. Physiol. 32:225, 1905. 
5. Campbell, Douglas and Hobson: Ibid. 46:301, 1914. 
6. Krogh: Ibid. 40:271, 1916. 
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believed to be brought about through the regulation of breathing by 
the carbon dioxid pressure or hydrogen-ion concentration of the arterial 
blood acting on the respiratory center. An increase in the carbon dioxid 
content of the-blood raises the acidity and stimulates the center, which 
causes the volume of respiration to be increased, or vice versa. 

The carbon dioxid pressure of the blood leaving the center is in 
equilibrium with the carbon dioxid of the cells of the center, and it 
is, therefore, evident that the carbon dioxid pressure of the venous 
blood leaving the center is the measure of the stimulus of respiration. 
Any decrease in rate of blood-flow through the center will be followed 
by an increase in the carbon dioxid content of the blood coming to 
the center. The constancy of the carbon dioxid pressure in the alveolar 
air is, therefore, dependent on a constancy in the rate of blood-flow 
through the center. It is more to the point to insist on the constancy 
of the pressure of carbon dioxid in the respiratory center than to lay 
so great stress on the constancy of alveolar ventilation and the carbon 
dioxid pressure of arterial blood, in which the constancy is only depen- 
dent on blood-flow, and approximate. 

The important point to remember is that the ventilation of the lungs 
is governed primarily by the pressure of carbon dioxid or the hydrogen- 
ion concentration in the respiratory center. Oxygen want, according 
to current teaching, is not important save in influencing the sensitivity 
of the center. 

A factor of safety in preventing a surcharging of the blood with 
carbon dioxid in case of a relatively inadequate circulation would lie 
in the fact that increased ventilation will lower the carbon dioxid of' 
the blood leaving the lungs, making it possible for a less than normal 
amount of blood to carry away the carbon dioxid formed in the tissues 
without having the partial pressure of carbon dioxid in the tissues 
unduly increased. However, increased ventilation of the lungs would 
add little to the oxygen which the arterial blood contains, and oxygen 
want, due to insufficiency of blood-flow, can be coincident with a prac- 
tically normal carbon dioxid content in the venous blood. Superven- 
tilation can compensate for the inadequate blood-flow only with refer- 
ence to the carbon dioxid content of the tissues. 


INTERRELATIONSHIP OF RESPIRATION, CIRCULATION AND 
METABOLISM 


From the above facts we have the following hypotheses: 

1. If the ventilation of the lungs increases proportionately with the 
intensity of metabolism, we have presumptive evidence that the minute 
volume of the blood likewise has increased. 

2. If the ventilation of the lungs is greater proportionately than 
the intensity of the metabolism, it is fair evidence that the circulation 
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of the blood is not adequate in maintaining an optimum carbon dioxid 
tension in the venous blood. 

3. If the tension of carbon dioxid in the venous blood rises pro- 
portionately with the tension of the carbon dioxid in the alveolar air, 
we have fair evidence that the amount of carbon dioxid contributed 
by each unit of blood passing through the lungs is not greater than 
normal. 

4. On the other hand, if the tension of carbon dioxid in the affluent 
blood of the lungs rises disproportionately to the tension of the alveolar 
carbon dioxid, we have fair evidence that the circulation of the blood 
is not adequate to maintain the optimal concentration of the respiratory 
gases in the tissues. 

In other words, so long as the blood-flow and the respiration vary 
directly with the carbon dioxid production of the body, the fall of pres- 
sure of carbon dioxid in each drop of bhood, in its passage through the 
lungs, is constant. Any decrease or increase in the difference in the 
carbon dioxid pressure between the affluent and effluent blood of the 
lungs, providing metabolism remains unchanged, indicates an increase 
or decrease in the respective volume flows of blood in terms of the 
physiologic optimum. 

These considerations, based on theoretic grounds, led me to perform 
experiments which I believe throw some light on the problem of the 
cardiac and respiratory response to work, and the cause of cardiac 
dyspnea. They also have been the stimuli which have led to the devis- 
ing of a method for determining the ability of the circulatory and 
respiratory systems to respond to the demands of the gaseous metabo- 
lism of the body, and they furnish a rational test for the functional 
capacity of the heart based on cardiac output. 


METHODS OF DETERMINING THE RELATIONSHIP EXISTING BETWEEN 
RESPIRATION, CIRCULATION AND METABOLISM 


In order to determine the validity of these hypotheses, it is necessary 
to estimate the volume of air ventilating the alveoli of the lungs at 
levels of oxygen consumption varying from that of rest to that of 
maximum effort. The percentage of carbon dioxid in the alveolar air 
at known levels of oxygen consumption must be determined, so that 
the pressure of carbon dioxid in the blood leaving the lungs may be 
estimated. Likewise the pressure of carbon dioxid in the affluent blood 
—i. e., the blood delivered by the right ventricle—must be known for 
the same respective levels of oxygen consumption. 

Such an analysis of the respiration is most difficult. Unlike the 
circulation, the respiratory function is modified whenever the attention 
is directed to it. The respiratory rate can be quickened or slowed at 
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will, providing the ventilation of the alveoli is kept fairly uniform 
Putting a mask or a mouthpiece on the average man so disturbs the 
respiration that, except for study of the oxygen consumption, the results 
are usually uncertain. In the individual accustomed to respiratory 
experiments, probably such criticisms do not apply if extreme care 
be taken. Nevertheless a critical study of the literature bearing on the 
volume of respiration and the percentage composition of the alveolar 
gases, fails to impress one with the accuracy of existing methods used 
in this study. I have endeavored to modify older methods and to 
devise new ones that are more accurate and applicable to the clinical 
study of the respiration; but the methods I have used are not above 
criticism. Because my methods are something of an improvement, but 
more because by them I have obtained the data which bear on the 
above hypotheses, I present them here. 

The minute volume of the respiration, the rate and depth of respira- 
tion, and the volume of the respiratory dead air space must be known 
in order to determine the volume of the alveolar ventilation. In order 
to obtain this information I adopted the following procedure: 


MINUTE VOLUME OF THE RESPIRATION 


The expired air was partitioned by valves made of intestinal mem- 
brane, which offered the least possible resistance to breathing and 
which connected with the mouth of the subject by a suitable mask. The 
expired air was collected in a hundred liter spirometer of the Tissot 
type, which was counterpoised by an eccentric wheel in place of the 
syphon attachment used by Tissot. The volume of each respiration, 
the rate of respiration, and the total volume of air respired in a unit 
of time were graphically recorded by means of a recording device on 
the spirometer, which wrote on the smoked paper of a kymograph, the 
drum of which was the same height as the bell of the spirometer. Each 
respiration showed on the drum as an upward sloping line and each 
inspiration as a horizontal mark. The volume of the respiration was 
the vertical distance between the horizontal lines of inspiration, cali- 
brated from the bell of the spirometer. The time of the observation 
was marked by a recording clock, and the total number of breaths taken 
was determined by counting the number of horizontal lines representing 
inspiration. 

The exercise chosen in our work consisted in walking or running 
on a movable sidewalk, which is run by an electric motor adjusted 
to various speeds. In some experiments the rowing machine was used. 
The oxygen consumed for the period of the observation was determined 
by analyzing the expired air collected in the spirometer and by the 
usual methods of calculation (Haldane). 
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THE MINUTE VOLUME OF ALVEOLAR VENTILATION 


The discussion as to the constancy of the dead air space in deep 
breathing between Haldane, Henderson, Krogh and Pearce and Hoover ' 
made further work on this point necessary. The volume of the dead 
air space is relatively constant at ordinary levels of respiration. It is 
only when large breaths are taken, as during forced effort in moderate 
and extreme exercise, that variation in the dead air space is found. 
In these cases, however, the increase is relatively unimportant compared 
with the great increase in the alveolar ventilation. Using a new method 
for the estimation of the dead air space, I have been able to show 
graphically the variation in the dead air space in two individuals when 
different volumes of air are respired. The details of this method and 
the arguments pertaining thereto will be published later.* 

The importance of this curve representing the variation in the dead 
air space lies in the fact that, if it be approximately correct, the volume 
of the dead air space for any given depth of respiration can be deter- 
mined. This being known, the volume of the alveolar ventilation can 
be computed by subtracting from the total respired air the volume of 
the dead air space multiplied by the number of respirations taken for 
the observation. If the dead space air is known, together with the 
volume of the expired air, the number of respirations in the time of 
the observation, and the percentage composition of the expired air, 
the percentage of gaseous composition of the expired air can be deter- 
mined by the formula of Bohr, which reads: 


(Percentage carbon dioxid in expired air) XX (Volume expired air) 





Volume of expired air — Volume of dead space air 
Percentage carbon dioxid in alveolar air. 


In an earlier paper I described a method of estimating the per- 
centage composition of the alveolar air, which is accurate in principle 
but difficult in procedure. Since I have obtained equally good results 
by the method described, I feel that, provided the respirations are 
as deep as 2.5 times the volume of the dead air space, the percentage 
composition of the alveolar gases can be more accurately determined 
by calculating, from the percentage composition of the expired air, the 
volume of the respirations and the estimated dead air space. 


CARBON DIOXID PRESSURE IN ARTERIAL BLOOD 


The work of Haldane, of Barcroft, and of Krogh and Krogh has 
shown fairly conclusively that the pressure of carbon dioxid in the 
arterial blood is practically that present in the alveolar air. Hence it 


7. Pearce and Hoover: Am. J. Physiol. 44:391, 1917. 
8. Pearce and Hoover: Am. J. Physiol. 52:472, 1920. 
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is possible to determine indirectly the pressure of carbon dioxid in 
arterial blood by determining the percentage composition of the alveolar 
air. 
CARBON DIOXID PRESSURE IN VENOUS OR AFFLUENT BLOOD 
OF THE LUNGS 


Christiansen, Douglas and Haldane,* using the lungs as an aeroto- 
nometer, determined the composition of the alveolar air after holding 
in the lungs mixtures of air containing various percentages of carbon 
dioxid. They found that, when percentages of carbon dioxid in the 
inspired mixtures were below a certain value, the percentages of carbon 
dioxid in the end air of the expiration were above those present in the 
inspired mixtures, while if the percentage of carbon dioxid in the 
inspired mixture was above this value, the carbon dioxid in the end 
air of the expiration was less than that in the mixture. They found 
that the values obtained tended to become constant, and concluded that 
this value represented the carbon dioxid pressure in the venous blood. 
They also found that it was impossible to determine the equilibrium 
point between the carbon dioxid pressure of blood and alveolar air 
by holding the breath. Boothby and Saniford* used this method and 
obtained results similar to those of Christiansen, Douglas and Haldane. 
Wardlaw * found that the carbon dioxid pressure in the alveolar air 
when the breath was held did not reach as high a value as it did when 
the subject rebreathed the air for an equal length of time. Laurens " 
confirmed the work of Wardlaw. Henderson and Haggard * found 
that, by rebreathing the same air for a number of times but with a 
period of normal respiration between rebreathings, the carbon dioxid 
content of the rebreathed air tended to reach a fixed and constant value 
From these results, we may conclude that the point of equilibrium 
between the affluent blood of the lungs and the air of the lungs can 
be reached. If this point is to represent the normal value of the venous 
carbon dioxid pressure, the time taken for the observation must be 
less than the time taken for a complete circulation of the blood. 

Criticism of Earlier Work.—I have spent considerable time attempt- 
ing to devise a rapid and accurate clinical method of determining the 
pressure of carbon dioxid in the affluent blood of the lungs. On some 
points I have been unable to confirm the results of other investigators 
For instance, while the subject is at rest, I have found that, if all 
but the last portion of the expired air be expired and then the breath 
be held for about twenty seconds, the sample of air taken at the end 


9. Christian, Douglas and Haldane: J. Physiol. 47:244, 1914 
10. Wardlaw: Proc. Linn. Soc. New South Wales 41:786, 1916 
11. Laurens: Am. J. Physiol. 46:147, 1918 . 

12. Henderson and Prince: J. Biol. Chem. 32:325, 1918. 
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of a forced expiration, in which the remaining complemental air is 
expired, has a very constant carbon dioxid pressure. In my own 
case it is 0.07 + 0.001 atmospheres. Furthermore, this same percentage 
is obtained when the remaining complemental air is drawn back and 
forth into the lungs for twenty seconds and a sample of air is taken. 

On another subject a slightly different experiment was done. In 
this case, following a normal inspiration, the breath was held for 40 
seconds and then expired, and a sample of the end air was taken. 
It contained 7 per cent. carbon dioxid. The experiment was repeated 
with this change, that the subject breathed back and forth into and 
out of an empty bag, following a normal inspiration from the atmos- 
phere, and at the end of the period a sample of the end of a forced 
expiration was taken. Seven per cent. of carbon dioxid was found. 
In fact, I could find no difference in the pressure of carbon dioxid 
present in the lungs when forced breathing efforts are made and when 
the air is simply held in the lungs. In order to put this to a further 
test, following a forced expiration, I inspired 1,600 c.c. of a mixture 
of 8 per cent. carbon dioxid and air, and in one case held it for ten 
seconds and then expired slowly, taking samples of air from the tube 
near my mouth when I had expired 400, 700, 1,000, and to my limit; 
and in the other case, I took samples of air from the end of forced 
expiration, following the rebreathing of the mixture each five seconds. 
The final result was 7 per cent. carbon dioxid in the end air in both 
cases. I was able to obtain the same percentage of carbon dioxid in 
end samples of air expired when rebreathing was done into and out 
of a bag, as recommended by Henderson, each rebreathing being inter- 
rupted with a period of normal breathing. In order to obtain this 
result, it is necessary, however, that the lungs be not superventilated 
before each breathing. For example, if, in place of a normal inspira- 
tion before each rebreathing, an inspiration of twice or more the volume 
of a normal inspiration is made, the carbon dioxid in the end air of 
the following forced expiration, no matter how many times the air 
is rebreathed intermittently, never reaches as high a pressure. This 
is due to the fact that the deepened inspiration preceding the rebreathing 
lowers the carbon dioxid pressure in the lung air so much that a 
longer time than that taken by the experiment is required to build 
the carbon dioxid pressure of the alveolar air to that of the venous 
blood. For this reason, in pathologic conditions where hyperpnea is 
present, Henderson’s method may give lower values for venous carbon 
dioxid pressures than are actually present. 

After satisfying myself that the rebreathing of air containing a 
percentage of carbon dioxid did not change the tension of the final 
equilibrium point’ between the affluent blood and the lung air, and 
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that for a clinical method it was unsafe to use the expired air as 
the mixture of air with which to determine the tension of the affluent 
blood, I decided to use the method employed by Christiansen, Douglas 
and Haldane, but to use a modified technic. 


METHOD OF ESTIMATING CARBON DIOXID PRESSURE IN AFFLUENT 
BLOOD OF LUNGS 


The apparatus consists of a rubber bag having a capacity of 2,000 
c.c., which connects with a manifold, the outlets of which allow samples 
of air to be withdrawn into Luer syringes. This manifold in turn 
connects with a three-way stopcock, one opening of which connects with 
a mouthpiece while the other opening is free. The bag has an opening 
in it for the withdrawal of samples of air for analysis, and another 
connecting with a three-way stopcock, which in turn connects with 


TABLE 1.—Comparison or Resutts From INSPIRING VARIOUS PERCENTAGES OF 
Carson Dioxip 1N OBTAINING TENSIONS oF CARBON Di0xIp IN 
EQUILIBRIUM WITH THE AFFLUENT BLoop oF THE LUNG 





Per Cent. | First Second Third 











COs in Rebreath Rebreath- Rebreath- 
Conditions of Experiment Mixtures | ‘ng, ing, ing, 
of Air per Cent. per Cent. per Cent. 
Inspired COs CO: CO: 
48 6.0 6.3 6.5 
7.2 6.2 6.4 6.65 
7.5 6.72 6.88 6.98 
8.3 6.8 6.95 6.90 
8.9 70 6.95 6.95 
Rest of 5 min. preceding observation... 9.5 70 70 7.0 
10.0 76 7.50 7.20 
10.4 7.17 7.20 7.15 
12.5 7.50 7.00 7.30 
14.0 8.20 7.80 7.60 
15.0 8.00 7.80 7.40 
I .  cicchvineanedsbesseensen 7.96 7.60 7.00 7.90 
Walk of 2 22”..... sisninnsoenunneeia 10.02 8.17 8.12 8.15 
ES 12.5 8.30 8.00 7.98 
SE Benn ccnecensccesse . ‘ 15.0 8.6 8.35 8.05 
eit cccececcecescoesccetatece 10.0 9.0 9.20 9.29 
Walk of Il’ 30”......... Sante eeeneeeeees 15.0 9.3 9.20 see 


| 
| 





Distance walked, 230 yards in each case. 
Total time required from the beginning of the preceding forced expiration to the time of 
taking the last sample varies between 12 and 18 seconds. 


two syringes, which are used for filling the bag with a mixture of 
air and carbon dioxid. The larger of these syringes has a capacity 
of 360 c.c.; the smaller one is graduated and delivers 100 c.c. Four 
barrels of air from the large syringe, 1,360 c.c., are metered into the 
bag, and the proper amount of carbon dioxid to make up the desired 
concentration of carbon dioxid is metered in by the small graduated 
syringe. After the subject has reached respiratory equilibrium, his 
nose being stopped with a clip, he expires quickly and forcibly to his 
residual air through the open cock; the cock is then quickly turned 
to connect with the bag, and the mixture of carbon dioxid and air 





ee 











152 ARCHIVES OF INTERNAL MEDICINE 


is drawn into the lungs. There it is held for four seconds and then 
expired back into the bag, a sample of the end of the expiration being 
drawn into one of the syringes connected with the manifold. The 
air is immediately drawn back into the lungs and again expired, 
another sample being taken. This process is continued till three or 
four samples of air have been taken. The carbon dioxid content of 
the two samples of alveolar air thus obtained is then determined by 
a Haldane gas apparatus. It is surprising with what rapidity equi- 
librium is established between the mixtures of air in the different 
expirations. 

In Table 1 are given the results of an investigation as to the effect 
of different concentrations of carbon dioxid in the inspired mixture 
on the equilibrium point of carbon dioxid pressure in blood and 
alveolar air. 


From data obtained by the above methods, we can estimate, indi- 
rectly, to be sure, but none the less accurately, the fall in pressure of 
carbon dioxid which occurs in the blood while passing through the 
lungs, and the alveolar ventilation at different levels of bodily activity 
as measured by the oxygen consumption. By comparing the average 
fall in pressure of carbon dioxid in the blood of the lungs and the 
alveolar ventilation of the average normal individual at different levels 
of oxygen consumption, with those obtained in subjects suffering from 
cardiac or respiratory impairment at the level of their oxygen con- 
sumption, we can evaluate the degree of the disability of their cardio- 
respiratory mechanism. 

We have determined the fall of carbon dioxid pressure and alveolar 
ventilation at different levels of oxygen consumption in normal subjects 
and also in patients suffering with cardiorespiratory disease. In Table 
2 are given the data secured in the case of R. G. P., and H. P., a 
suspected cardiac case. The significant data in these cases and in a 
number of others have been graphically drawn in Curves 2, 3, 4 and 5. 

In these curves the ordinates represent the minute volume of the 
ventilation and the percentage of carbon dioxid found in the alveolar 
air or that in equilibrium with the affluent blood of the lungs. The 
abscissae represent the oxygen consumption per minute. The minute 
volume of the alveolar ventilation and the percentage of carbon dioxid 
found in the alveolar air and that in equilibrium with the blood returning 
to the lungs when at rest, are considered as being the optimum for 
maintaining tissue well-being. This being the case, the resting minute 
alveolar ventilation should be increased 1,000 per cent. when the metabo- 
lism is increased 1,000 per cent. The line representing the theoretical 
optimum based on this standard is drawn as line 1. 
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Campbell, Douglas and Hobson * found that the alveolar ventilation 
was increased by an amount equal to the original resting minute volume 
whenever the concentration of carbon dioxid in the alveolar air rose 
0.2 per cent. This means, when metabolism is increased 1,000 per cent., 
providing the blood-flow increases proportionately with the gaseous 
demands of the body, that there should be an increase of 2 per cent. 
of carbon dioxid pressure in the alveolar air. The carbon dioxid 
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pressure of the blood returning to the lungs would also be 2 per 


cent. higher than at rest. These theoretic optimal values are shown on 
the curves as lines 2 and 3. 

Lines 1’, 2’ and 3’ represent, respectively, the actual minute volume 
of alveolar ventilation, the alveolar carbon dioxid pressure and the 


pressure of carbon dioxid in equilibrium with the venous blood found 


in experiments as given in Table 2. 
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The curves show that the ventilation of the lung rises proportionately 
with the intensity of the metabolism at low levels of metabolism. This 
confirms Boothby’s work... At higher levels of metabolism, however, 
the minute volume of the alveolar ventilation is disproportionately large. 
In the introductory pages of this essay we have given the theoretic 
reasons for believing that the disproportionate increase in the minute 
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volume of the alveolar ventilation is inferential evidence of a circulation 
inadequate to maintain tissue well-being. Superventilation of the lungs 
decreases the amount of carbon dioxid present in the effluent or the 
arterial blood, which, when passing through the tissues, can take up 
a larger than the usual amount of carbon dioxid without becoming 


surcharged. 
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Contributory evidence on this point is afforded by an examination 
of the behavior of the carbon dioxid pressure in the alveolar air and 
that in equilibrium with the affluent blood of the lungs at various 
levels of exercise. As long as lines 2 and 2’ and 3 and 3’ coincide, 
we have inferential evidence that the volume flow of blood has varied 
directly with the gaseous demands of the tissues. When the fall of 
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pressure between the blood entering and that leaving the lungs is 
increased above that normally found, it means that each unit of blood 
is contributing a larger than normal volume of carbon dioxid to the 
lung air. This fall of pressure is represented on the curves by the 
perpendicular distance between lines 2’ and 3’ at any level of oxygen 


consumption. The greater the fall of pressure in the carbon dioxid 
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of the blood passing through the lungs, metabolism remaining constant, 
the less the volume of blood passing through the lungs. 

Measurement of the cardiac output can never be based on direct 
measurement. Here is an inferential method for measuring the relative 
ability of the heart to maintain the gaseous exchange of the tissues 
The volume of the ventilating air is subject to great change, for it 
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is determined by the balance between the gaseous needs of the body 


and the transporting facilities which the blood offers to oxygen and 


carbon dioxid. Circulation, respiration and metabolism represent a 
physiologic trinity, metabolism being the supreme, but dependent abso- 
lutely on the functioning of the others. As long as metabolism, ven- 
tilation and circulation vary directly with each other, health and comfort 
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are found. When they vary disproportionately, they must be said to 
form no longer a unified trinity, but rather a tragic triology. In the 
experiments cited, comfort and the ability to do sustained work were 
present so long as metabolism, ventilation and the minute volume of 
blood, measured inferentially by the pressure drop of the carbon dioxid 
which occurred in the lungs, varied directly with each other. Hyperp- 
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nea, faintness, fatigue and inability to do work were present when 
the ventilation of the lungs was disproportionately great as compared 
with the metabolism, and the pressure drop of carbon dioxid in the 
blood passing through the lungs became greater than normal. 

In fact, there is apparently no difference, from the physiologic stand- 
point, between a patient with uncomplicated cardiac incompetence and 
a man working beyond the ability of the heart to vary its output directly 
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with the metabolic needs of the body. In the one case the heart’s 
weakness is so great that even the task of living is a strain. In the 
other, the task of living at a high level of energy output throws a 
strain on the heart which it is not capable of maintaining for any 
period of time. 

THE CARDIORESPIRATORY MECHANISM IN DISEASE 


Using this method, I have examined a number of pathologic cardiac 
conditions, and find that I have secured some rather direct evidence 
on the relationship of cardiac output to the ventilation of the lungs at 
known levels of oxygen consumption, as given in the four hypotheses 
mentioned before. 

The length of this paper precludes giving all the data which I 
have collected in my work. I can present here only a few selected 
cases which illustrate abnormalities in the cardio-ventilatory mechanism. 

In Table 2 and Curve II (Fig. 2) are given the results which I 
have already discussed. 


Case 1—R. G. P. (myself), is a man of average physical endurance. He 
is unaware of having any cardiorespiratory disability. This test applied to 
about ten soldiers showed that he gave average results. A former prize fighter 
who was examined was found able to do work requiring 3,000 c.c. of oxygen 
a minute for nine minutes, and at the end of that time the pressure drop 
between the affluent and the effluent blood in his lungs was equal to 6 per cent. 
of carbon dioxid, the same as that present in the case of R. G. P. when using 
2,300 c.c. of oxygen per minute. 

Case 2.—The second subject (H. P.), given in Table 2, is a young man, a 
former Princeton athletic star, who was refused entrance into the army on 
account of cardiac enlargement and a high blood pressure (Fig. 3). The 
heart was not enlarged but occupied a low position in the thorax, and the high 
blood pressure was due to excitement. His diastolic pressure was not increased. 
A comparison of his curve to that of R. G. P. shows that, if anything, H. P. 
is able to do a like amount of work with less hyperpnea and a greater cardiac 
output than R. G. P. (the vertical distance between line 2’ and 3’, the carbon 
dioxid pressure in the effluent and affluent blood, is not so great at the same 
levels of oxygen consumption as in R. G. P.). He was later admitted to 
the army and served in France one year with the First Division. He pre- 
sented himself at the laboratory a few days ago and appeared perfectly well. 


The Effort Syndrome.—The next case is that of a young man who 
claimed military exemption on account of heart disease, for which he 
presented his doctor’s certificate. 





Case 3.—Physical examination revealed no organic signs of cardiac disease 
His pulse was 85 and his respiratory rate was 30 and above, even when at 
rest. He complained of weakness and faintness on exertion. He impressed 
one as having the so-called effort syndrome. I found that he was able to do 
a rather large amount of work, without any indication of failure of his heart 
to pump the amount of blood necessary to prevent it from being surcharged 
with carbon dioxid, when it returned to the lungs after passage through the 
tissues. On Curve 3 is drawn the minute volume of the alveolar ventilation 
and the percentage of carbon dioxid in the alveolar air and that in equilibrium 
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with the affluent blood of the lungs at different levels of metabolism. The 
pressure drop between his affluent and effluent blood (distance between lines 
2 and 3’) (Curve 4, Fig. 4) is not greater than in the case of R. G. P. or 
H. P. His respiratory rate, however, was increased to over 50 when doing 
work requiring 2,200 c.c. of oxygen per minute. This shallow breathing may 
have resulted in an uneven ventilation of his lungs, as suggested by Haldane, 
Meakins and Priestley recently, and have produced a relative anoxemia which 
accounted for his faintness on exertion. The curve shows that, when using 
about 1,700 c.c. of oxygen per minute, the volume of his alveolar ventilation, 
in spite of the rapid and seemingly large total ventilation, is less than theory 
demands (compare line 1 and line 1’). 


The next case is interesting since it presents one of the shortcomings 
of the method when applied to clinical conditions which affect the 


ventilatory function of the lungs. 


Case 4.—Mr. C., a British soldier, who was gassed with chlorin in the 
second gas attack of the war, had experienced a very checkered military and 
hospital career. Physical examination failed to reveal any impairment in the 
lungs, save some moist rales and bronchitis, which was much worse on wet 
days. The disability was so small, however, that there was doubt whether he 
was entitled to a pension. Indeed, it had been suggested that he was feigning 
incompetency to escape further military service. His respiratory response to 
work was far inferior to that of the normal R. G. P. The minute volume of 
the ventilation of the lungs at low levels of work compares to that of R. G. P. 
at high levels. The carbon dioxid pressure in the affluent blood of the lungs 
did not rise, however, in a proportionate degree, and the percentage of carbon 
dioxid in the expired air and likewise in the alveolar air, on account of the 
hyperpnea, was greatly reduced (Curve V, Fig. 5). Evidently there was a 
great pressure drop in the carbon dioxid of the blood passing through the 
lungs, but this was not due primarily to the increased carbon dioxid pres- 
sure of the affluent blood but rather to the decreased pressure of the carbon 
dioxid in the affluent blood as modified by the low pressure of alveolar air 
How can we account for this condition? It is easily explained on the assump- 
tion that the fluid present in some of the fine bronchi and alveoli did not 
allow free exchange of the respiratory gases to the blood passing through 
their walls. The blood reaching the left heart was therefore a mixture of 
blood which has been imperfectly aerated and that which has passed through 
the walls of normal alveoli and been adequately ventilated. Indeed, the blood 
which has passed over the normal air sacs was better than normally venti- 
lated; its carbon dioxid pressure was reduced below that normally present, 
but its oxygen content was not changed, since superventilation of the lungs 
adds little if any to the oxygen which is present in arterial blood. This blood, 
low in carbon dioxid, reaching the left heart, mixes with the blood which 
has not been properly aerated in the air sacs full of moisture, and the result- 
ing mixture may be a blood having a normal carbon dioxid content for 
arterial blood but a low oxygen content. The iow oxygen content is due to 
the fact that, in spite of the hyperventilation, the blood passing over the 
normal air sacs takes up only the usual amount of oxygen and cannot share 
with the blood which has not been oxygenated in the diseased air sacs, without 
itself being under-oxygenated as the result 


Congenital Heart Disease—A cardiorespiratory condition very simi- 
lar to that which we believe existed in this gassed soldier must be 
present in cases of congenital heart disease where blood passes from 
the right to the left heart without being aerated in the lungs. I have 











PEARCE—CARDIORESPIRATORY MECHANISM 161 


studied three cases of congenital heart disease. In all I have found 
a large minute volume of air when the subjects were at rest. I also 
found a low percentage of carbon dioxid in the alveolar air. The 
pressure of carbon dioxid in the affluent blood of the lungs, however, 
was practically the same as in boys of the same age. 

I believe that these findings give inferential evidence that there was 
small blood-flow through the lungs, and suggest that blood other than 
that which has passed over functional lung epithelium is entering the 
left ventricle. The blood which entered the lungs was more completely 
freed of carbon dioxid than in the normal boy. This blood left the 
lungs carrying a full load of oxygen and less than the usual amount of 
carbon dioxid. On reaching the left heart, it mixed with blood coming 
from the right heart through the abnormal connection. This blood 
was venous blood having a high carbon dioxid and low oxygen content 
The result of the mixture was a blood probably almost normal with 
reference to its carbon dioxid content but less than the normal oxygen 
content. 

These subjects had potentially a condition of carbon dioxid acidosis, 
which they compensated for by overventilating the blood which passes 
through the lungs, so that the blood which departed from the left 
heart might have a normal carbon dioxid content. In the case of oxy- 
gen no compensation can take place, for the blood leaving the lungs 
carries all the oxygen it can hold and the mixture of aerated and 
unaerated blood in the left ventricle is more venous or blue than is 
normal arterial blood. The boys had no air hunger, but their ability 
to run and play was more limited than in the normal child. 

Lobar Pneumonia.—A somewhat similar explanation can be given 
for the presence of cyanosis in pneumonia, providing the pathologic 
process which destroys the respiratory membrane and makes the 
exchange of gas impossible precedes the closing off of the pulmonary 
vessels. Such a condition would give physiologically the same con- 
ditions as are present in congenital heart disease. The blood entering 
the left ventricle in this case would be a mixture of venous blood from 
the diseased area and arterial blood from the sound area of the lungs. 

The respiratory center, responding to the increase of the carbon 
dioxid content of the blood, increases the minute volume of air respired 
and lowers the carbon dioxid tension in the arterial blood. This would 
tend to make the carbon dioxid concentration of the blood normal, 
but the oxygen content would be determined by the relative amounts 
of venous and arterial blood being delivered to the left ventricle. It 
would always be less than normal, since there is no possible mechanism 
to increase materially the amount of oxygen which the blood will take 


up. Such a condition can exist without evidence of air hunger or 
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respiratory distress as long as the oxygen supply is sufficient. How- 
ever, cyanosis would be present, since the capillary blood is not saturated 
with oxygen. As the disease progresses, the circulation through the 
involved lungs becomes less and less and cyanosis disappears. 

In several cases of pneumonia in which cyanosis was present without 
signs of cardiac impairment or air hunger, I have noted a rather large 
minute volume of respiration and a correspondingly low percentage 
of carbon dioxid in the alveolar air. Unfortunately, these subjects 
were too ill to warrant their breathing mixtures of carbon dioxid for 
the determination of the pressure of the carbon dioxid in the affluent 
blood of the lungs. Estimation of the carbonates in their blood plasma 
by Van Slyke’s method did not show a sufficient reduction to account 
for the increased ventilation on the basis of an acidosis. Oxygen 
inhalation did not relieve the cyanosis. In the greater number of pneu- 
monias, seen late in the disease and without cardiac impairment, the 
minute volume of air is not large, and the carbon dioxid pressure in 
the alveolar air agrees with the plasma carbonates. Cyanosis in these 
cases is not marked. 

Especially interesting is one case which I saw twenty-four hours 
after the onset of the attack. 


Case 5.—The right base was dull, with high-pitched bronchial breathing. 
Respirations were 28 to the minute, pulse 115, and temperature 104 F. The 
man appeared to be very ill, but was able to cooperate with me and was 
fairly comfortable. He had no signs of cardiac impairment and the blood 
pressure was 135 systolic and 85 diastolic. The most noticeable thing about 
him was the intense cyanosis, which was present without symptoms of respira- 
tory distress 

Examination of the carbon dioxid capacity of the blood by the Van Slyke 
method showed practically a normal blood carbonate reserve, and the alveolar 
air as estimated by my method gave 37.5 mm. Hg carbon dioxid pressure. 
His alveolar carbon dioxid determined by my method was 26 mm. The fol- 
lowing day his general condition was much worse. The right upper was 
consolidated, his temperature 105 F., pulse 140, and his blood pressure a 
little lower. His cyanosis had disappeared. He was irrational, and I could 
not obtain a sample of air for carbon dioxid determination of the alveolar air, 
His blood carbonates were, however, the same as the day before. 


I believe that, in these cases of pneumonia which I have described, 
one portion of the blood circulation through the pulmonary vessels 
consists of blood which has been superventilated, while another portion 
which passes through the diseased area is unventilated. Therefore 
the confluence of the total blood in the left auricle gives a mixture of 
superventilated blood and unrespired blood. This will give a total 
result of an aortic blood which will have a fairly normal amount of 
carbon dioxid but a low amount of oxygen. The lack of oxygen is 


responsible for the cyanosis. 
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Bronchial Pneumonia.—The cyanosis of bronchial pneumonia may 
be explained on similar grounds. The bubbles of moisture which fill 
many alveoli prevent the free gas exchange of the blood passing through 
their capillaries. The air filling these bubbles soon comes into gaseous 
equilibrium with that of the blood entering the lungs. Thus a con- 
dition somewhat akin to that present in congenital heart disease occurs 
Hyperpnea will reduce the carbon dioxid pressure of blood passing 
through the normal alveoli to a point which will compensate for the 
high carbon dioxid pressure in the blood coming from the edematous 
alveoli, but cyanosis is present because no such compensating measure 
can supply oxygen. I have found that the administration of oxygen 
to such patients will relieve the cyanosis but not the air hunger. Air 
hunger is caused primarily by the presence of too much carbon dioxid 
in the blood. Oxygen want is not a very adequate stimulus to the 
respiration. The reason that oxygen relieves the cyanosis in these cases 
and not in congenital heart disease or in lobar pneumonia is that in the 
latter cases the blood passes through an abnormal opening to the left 
heart, or through alveolar walls completely filled with exudate, and 
no change of gas is possible. In bronchial pneumonia the breathing 
of oxygen will change the gas in the bubbles from nitrogen with a 
pressure of oxygen and carbon dioxid equal to that in the venous blood, 
to oxygen with the same pressure of carbon dioxid as was present 
with the nitrogen. This high pressure of oxygen is sufficient to oxy- 
genate the blood passing over the alveolus and the cyanosis is relieved. 
However, no subjective relief is noted, since the carbon dioxid exchange 
is not altered. 

From these it is quite evident that analysis of the cardiorespiratory 
phenomena by the methods proposed fails to give accurate information 
concerning the volume output of the heart in cases where the lung 
as a whole does not serve as a perfect and complete tonometer. In 
spite of this, valuable inferential evidence as to the amount of blood 
actually passing through the functional lung is obtained. 

Cardiac Decompensation.—In several cases of uncomplicated cardiac 
disease in which decompensation was present, I have found that the 
minute volume of the ventilating air has been greatly increased, and 
that the percentage of carbon dioxid in the affluent blood of the lungs, 
as taken by the method we propose, was a little raised. The metabo- 
lism of such patients was not increased more than from 15 to 25 
per cent. above the normal resting value. In these cases there was no 


marked lowering of the total blood carbonates, and as the heart com- 
pensated by rest in bed and treatment, the minute volume of the venti- 
lation, and the pressure of carbon dioxid in the alveolar air and that 
in equilibrium with the affluent blood of the lungs, again approached 
normal. 
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Case 6.—A Mr. M. was admitted to the wards complaining of shortness 
of breath. He had some air hunger on moderate exertion. Physical exam- 
ination showed a dilated right heart, an enlarged left heart and pulmonary 
insufficiency. The diagnosis was syphilitic aortitis and myocarditis and pul- 
monary insufficiency. 

His volume of alveolar ventilation at rest was 12 liters per minute. His 
oxygen consumption was 276 c.c. per minute. The carbon dioxid in his alve- 
olar air we estimated at 25 mm. Hg. His blood failed to show evidence of 
acidosis, while his alveolar air indicated that it was present. His venous 
carbon dioxid pressure, as determined by our method, was 58 mm. Hg. The 
wide difference between the pressure of carbon dioxid in his arterial and his 
venous blood indicates that the blood which was passing through his lungs 
was being superventilated. In this patient the blood entering the lungs bore 
a little more than the normal resting load of carbon dioxid, but it left the 
lung with a less than normal amount of carbon dioxid. It entered with a 
carbon dioxid pressure of 58 mm. and left with a carbon dioxid pressure of 25. 
Since his blood was approximately normal in its capacity to carry carbon 
dioxid, we may compute from the above data, together with a determination 
of his total respiratory exchange, the minute blood-flow through his lungs from 
the data furnished by Christiansen, Douglas and Haldane® on the relation- 
ship between the oxygen and carbon dioxid content of the blood. Each 100 c.c. 
of blood which passed through this man’s lung lost at least 12 c.c. of carbon 
dioxid. The normal figure given by most authorities is 6 cc. This figure, 
taken together with the total carbon dioxid eliminated by the patient per 
minute, which in this case was a normal figure, gives him a minute cardiac 
output of about 3 liters, which is about half the calculated normal figure. 


Because of the small amount of blood which passes through the 
respiratory center, the metabolism of the respiratory center itself would 
cause the tension of carbon dioxid to be raised above a normal level 
unless the blood entering it is capable of carrying away more carbon 
dioxid than it does under normal conditions. 

On Curve III (Fig. 3) are drawn as circles the relationship found 
among the minute volume of the alveolar ventilation (Circle B), the 
pressure of carbon dioxid in the alveolar air (Circle C) and the pressure 
of carbon dioxid in the affluent blood of the lungs (Circle A) at the 
resting metabolism of this patient. The linear distance between Circle 
A and Circle C represents a pressure drop of 33 mm. in the carbon 
dioxid pressure in the blood, while passing through the lungs, whereas 
the normal carbon dioxid pressure drop in the blood passing through 
the lungs is 14 mm., which is represented by the linear distance between 
line 3 and 2 on this curve. The minute volume of the respiration in 
this case was twice that of the normal resting individual and in spite 
of this increased ventilation there was a marked increase in the carbon 
dioxid pressure in the affluent blood of the lungs and in the tissues 
of the body. In this case, the cardiac dyspnea was undoubtedly due 
to a carbon dioxid storage in the tissues and may be termed a carbon 
dioxid acidosis, the difficulty being due to inadequate volume of the 


blood flowing through the tissues. 
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This paper has been withheld from publication for more than a 
year because Dr. R. W. Scott, a former colleague of mine, believed 
he had good evidence that the carbon dioxid content of arterial blood 
in cardiac decompensated cases in spite of the hyperpnea, which was 
present, was greater than normal. This corresponds to Peters’ belief 
that the cause of cardiac dyspnea is the failure to establish an equi- 
librium between the carbon dioxid pressure in the affluent blood in the 
lungs and the alveolar air. Dr. Scott recently informed me that he 
had, by direct analysis of the arterial blood in six uncomplicated decom- 
pensated heart patients, obtained quite contrary findings and that he 
believed he had evidence that there was no difficulty in the establishment 
of an equilibrium between the carbon dioxid pressure of the affluent 
blood of the lungs and the alveolar air. Inasmuch as the use of indirect 
methods whith I have employed in my work depends on the blood of 
such an equilibrium to be established, I wish to express my thanks to 
Dr. Scott for clearing up this point. 

Pulmonary Stenosis.—I saw an interesting case of pulmonary ste 
nosis in consultation with Dr. Christie. 


Case 7.—The lad was 16 years old. For the past three years he had noted 
that he was short of breath when he exerted himself, and he never could play 
like other boys on account of his lack of wind. He had a dilated right heart, 
but little, if any, increase in the size of the left heart. He had a marked 
pulsation over the base of the heart. He was a little cyanotic, especially 
about his lips and nostrils. The results of his cardiorespiratory examination 
are given in Curve V (Fig. 5). He had a drop of 3.6 per cent. in the carbon 
dioxid pressure of his blood while passing through the lungs, and a large 
resting alveolar ventilation. The average normal drop in carbon dioxid pres 
sure in the lung I believe was about 2 per cent. His inability to exercise was 
due to his heart being unable to increase the volume of blood which is required 
This is shown by the fact that, when he was walking about 2% miles an 
hour, the drop in pressure of the carbon dioxid in his blood passing through 
the lungs was 5.3 per cent. of an atmosphere, and his minute volume of air 
respired was also disproportionately great for the intensity of metabolism 


Auricular Fibrillation —It was impossible to secure data on this 
man when taking moderate exercise. I feel certain that effort would 
have shown his heart not capable of much compensation. 


Case 8.—This patient had suffered from cardiac disease for years. At the 
time of the examination his heart was fibrillating, but the patient was very 
comfortable. He respired 9.5 liters per minute. His alveolar air contained 
4.4 per cent. carbon dioxid, and the blood entering the lungs contained a 
pressure of carbon dioxid equal to 7 per cent. of an atmosphere. The drop of 
carbon dioxid pressure in the blood passing through the lungs was a little 


greater than normally found—2.6 in place of 2 per cent 


Anemia.—A case of congenital hemolytic jaundice was studied by 
the method I have developed, with interesting results 
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Case 9.—The blood count was 2,500,000. A loud venous hum could be heard 
over the jugular vein. The cardiorespiratory function, however, was appar- 
ently not disturbed, for he breathed a normal minute volume of air, and the 
drop of pressure in the carbon dioxid of the blood passing through the lungs 
was normal for the level of metabolism studied. 


This observation confirms the statement of Lundsgaard that in 
anemia the blood-flow is not affected when the anemia is not too severe. 


H ypothyroidism.—One case was studied. 


Case 10.—A woman who had suffered from exophthalmic goiter for a 
number of years came to the hospital for a study of her basal metabolism. 
It was found that she had a subnormal metabolism. Other features of the 
case led me to diagnose the case as a moderate case of thyreopriva. The 
minute volume of air was reduced, being 4.6 liters per minute. The basal 
metabolism was 27 calories per square meter of body surface, a reduction of 
about 30 per cent. from normal. The percentage of carbon dioxid in the 
alveolar air and in air in equilibrium with the affluent blood of the lungs 
was normal. In other words, there was apparently a blood-flow adequate to 
maintain the metabolic needs of the body, and the cardiac output was depressed 
in exact ratio with the metabolism. 


Exophthalmic Goiter—In the case of a young man previously oper- 
ated on for exophthalmic goiter, we found evidences of a larger oxygen 
consumption at rest than is found in the normal man, and a normal 
drop in the pressure of carbon dioxid in the blood passing through 
the lungs. Evidently the blood flow in this case was increased pro- 
portionately with the metabolism. 

The analysis of ventilation of the lungs with reference to the volume 
of the blood-flow and the intensity of the energy metabolism has great 
possibilities, as can be seen by the short list of cases presented. 


SUMMARY 


It is shown in normal men that the volume of alveolar ventilation 
and the volume of oxygen absorbed increase proportionately at mod- 
erate levels of physical exertion. We have given inferential proof 
that the volume of the cardiac output likewise varies directly with 
metabolism and alveolar ventilation at moderate levels of work. At 
levels of work in which the cardiac output is less than theoretically 
demanded, the factors of safety found in gaseous carrying power of 
the blood, the increased venous pressure due to increased tone of 
muscles, etc., and the power of the body to superventilate the lungs— 
come into play. When these added factors can no longer compensate 
for the disproportionately small bloodflow, effort cannot be sustained, 
and a lower level of body activity must be found. A patient suffering 
from cardiac disease or pneumonia, or the congenital cardiac subject, 
or any individual having an impairment in his cardiorespiratory func- 
tion, is living at the expense of one of the factors of safety which 
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nature has provided for times of physical stress. These patients are, 
therefore, continually living, as it were, at an energy-output level, with 
reference to their cardiorespiratory function, equal to that of a normal 
man while at work. The incapacity of such patients to do hard or 
sudden work is, on these grounds, quite understandable. 

This study of the cardiorespiratory metabolic function had as its 
prime object the development of methods which might be used in the 
clinic for the interpretation of cardiorespiratory disease. 

The method developed is still poorly adapted for general clinical 
work, but nevertheless, has given us data which affords a broader 
viewpoint of the subject of cardiorespiratory dynamics. It has empha- 
sized the importance of the singleness of the function of the circulation 
and respiration in the nutrition of the body and has shown the need 
of a closer appreciation of the fact in the teaching of the normal and 
pathologic physiology of these systems. 
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A NOTE ON THE EFFECT OF IRRADIATION OF 
THE SUPRARENAL REGION IN RABBITS 
WITH ROENTGEN RAYS* 


G. P. GRABFIELD, M.D. 
BOSTON 


AND 


THEODORE L. SQUIER, M.D. 
ANN ARBOR, MICH 


It was early noted that the roentgen ray has a remarkable effect 


on lymphoid and endocrine tissue. So far as the latter is concerned, 
the use of the roentgen ray has been confined largely to the thyroid 
and thymus. In this study we have attempted to determine the effect 
on the suprarenals of irradiation of the suprarenal region in the intact 


animal. 


The first work on this subject was carried out under the inspiration 


of Vasquez, who believes that hypertension is probably an evidence 
of increased adrenal activity and the investigations of his school have 
been made with this point in view. Zimmern and Cottenot' studied 
four patients with hypertension, whose systolic pressure as recorded 
by the Pachon apparatus was over 220 mm. of mercury. They then 
exposed the suprarenal region of these patients to roentgen rays, 
giving from three to fourteen exposures, and noted .hat the pressure 
fell and remained at a lower level for a considerable period. How- 


ever, they give no details of technic. 


Eisler and Hirsch? studied the effect of the roentgen rays on the 


suprarenals of rats. They were able to kill their animals by repeated, 
closely spaced doses of from 150 to 200 X Kienbock units in from 
eight to ten days. Except for a slight loss of weight and fatigue the 
animals presented no symptoms up to their death. At the necropsy, 
the suprarenals were macerated in physiologic sodium chlorid solution, 
and their epinephrin content was determined by the blood pressure 
method. They found that the epinephrin content was reduced in the 
treated glands. 


*From the Laboratories of Roentgenology and Internal Medicine of the 


University of Michigan Hospital. 


1. Zimmern, A., and Cottenot, P.: Modification de la pression arterielle 


chez "homme par Il’exposition aux Rayons X de la region surrenale, Comipt. 
rend. Soc. de biol. 72:676, 1912. 


2. Eisler and Hirsch: The Influence of Roentgen Rays on the Suprarenal 


Capsules, Verhandl. d. deutsch. Réntgengesellsch. 9:104, 1914. 
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In the present study we have attempted to reach the suprarenals 
of intact rabbits with a “hard” type of roentgen ray both by irradia- 
tion through the anterior abdominal wall and from behind. The right 
suprarenal lies at the level of the first lumbar vertebra almost in the 
midline, and is fairly fixed in position by the overlying vena cava and 
the hepatic ligaments. The left suprarenal lies in loose areolar tissue at 
the level of the second lumbar intervertebral disk about one inch to 
the left of the spine and is quite movable. 

















Fig. 1—Section of suprarenal cortex from Rabbit 1x showing localized 
infiltrations of small round cells 


The ray used in every case was that delivered by a_ standard 
Coolige tube on a current of 5 milliamperes, with a 9 inch back-up spark 
gap, and a 12 inch target object distance. Varying exposure times 
were used, but in every case the animals were kept saturated at various 
doses for a week or a week and a half by the method of Kingery.* 

3. Kingery, L. B.: Saturation in Roentgen Therapy: Its Estimation and 
Maintenance; Preliminary Report, Arch. Dermat. & Syph. 1:423 (April) 1920. 
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The suprarenals were examined from one to forty-six days after the 
last dose. Some of the animals were given the initial dose divided 
between the anterior and posterior routes and the subsequent doses 
alternately between these routes. Others were given by one route 
only. Care was taken to protect the rest of the animals from the 


rav by means of lead foil and sheet lead. 








Fig. 2.—Section from suprarenal cortex of Rabbit 1x showing simple necro- 
sis, nuclear pyknosis and vacuolization of the protoplasm. 


A few of the animals died, as noted in the protocols, but the majority 
were killed by a blow on the head. All were immediately necropsied 
and the weights of the suprarenals, heart and kidneys were recorded. 
In no case did the latter two organs appear abnormal, nor did their 
weights deviate from the average normal. The weights of the supra- 
renals are recorded in the condensed protocols (Table 1). 

Rabbits Ix and 51 died within two days after irradiation. Rabbit 


37 was found dying twenty-one days after the last irradiation and 
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was immediately killed. All three animals showed a striking increase 
in the weight of the suprarenals, and in each case histologic evidence 
of cell destruction, most marked in the cortex, was obtained. The 
suprarenals of Rabbit 1x were apparently affected directly (Figs. 1 
and 2) and death resulted the day following exposure. Preceding 
death this animal showed marked retraction of the abdomen, the hind 
legs were drawn up and there was considerable diarrhea. In the 
remaining seven animals no histologic changes in the suprarenals were 
noted but all of the treated glands were relatively heavier than 
those of the control animals, the greatest increase being found in the 
three showing microscopic changes. As a general rule, the animal 
receiving the largest doses in “milliseconds” tended to show the greatest 
increase in relative suprarenal weight. Many other factors must be 
considered, such as the saturation dose, the time elapsing between 
the last dose and the necropsy, the direction of the exposure and, 
perhaps, most important of all, the marksmanship. As to the latter, 
the difficulties are great. When both glands are to be exposed simul- 


taneously, the total area to be covered is a diagonal band one inch 


wide and two inches long. The suprarenals lie at the extreme ends 
of this band. This area is covered by the ray emerging from a cone 


with a circular aperture one inch in diameter. Slight movement of 
the animal on the board or an unusual position of one or the other 
suprarenal (such variation occurs more frequently on the left) would 
suffice to cause one of the glands to be completely missed by the 
direct ray. When the anterior route is used, the difficulty of placing 
the animal squarely on its back increases the chance of missing the 
mark. In this route absorption of the ray by the soft tissues of the 
abdomen is also a factor. 

In another series of the six rabbits (Table 2) we attempted to 
expose one suprarenal to the ray and exclude the other. In this we 
met with but doubtful success. However, in Rabbit 69 the suprarenal 
on the side rayed showed slight degenerative changes which were 
absent on the other side. In a series of twenty-five rabbits not 
exposed to the roentgen ray the left suprarenal was found to average 
23 mg. heavier than the right. The left suprarenals from the three 
rabbits in which the left gland was irradiated averaged 45 mg. heavier 
than the right; in the three animals in which the right gland was 
irradiated, the left suprarenals averaged 29 mg. heavier than the right. 
The suprarenals of Rabbit 67, which unfortunately had undergone 
considerable postmortem change when the animal was found that his 
tologic studies were impossible, were definitely overweight and the 
left suprarenal (the side irradiated) was 95 mg. heavier than the right 


This difference, furthermore, is greater than was seen in any one of 


the twenty-five animals from which the average difference was based 
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It would appear, therefore, that in the roentgen ray we have a 
method which may prove of considerable service in the study of 
suprarenal function. Unfortunately, we are unable at present, or in 
the near future, to continue this work, and consequently submit the 
data we have obtained for the use of those who may be interested in 
this line of investigation 


Gratetul acknowledgement is made to Dr. C. V. Weller of the Department 
1f Pathology for the preparation of the sections and microphotographs. 











THE TENDENCY OF CARCINOMA OF THE PAN- 
CREAS TO SPREAD BY BLOOD- 
VASCULAR INVASION * 


F. DENNETTE ADAMS, M.D 


WASHINGTON, D, ¢ 


Although carcinoma of the pancreas is a relatively uncommon dis- 
ease, four cases of this condition have been found at necropsy at the 
Peter Bent Brigham Hospital during a six months’ period, including 
last winter. These cases represent one-half the number of such cases 
coming to necropsy in this laboratory since the opening of the hospital 
in 1913, the total being only eight cases. Study of the series shows 
that in three cases the head was involved primarily; in one case the 
head and body was involved, in three cases the cancer was diffuse 
throughout the organ, and in one case it was limited to the tail. Two 
of the carcinomas were of the scirrhus type, five were adenocarcinomas 
and one, composed of atypical cells, was interpreted as having arisen 
from the islands of Langerhans rather than from ducts or parenchyma 

-xtensive metastasis occurred in six of the eight cases, a relatively 
high percentage, judging from the figures obtainable from the liter 
ature. In the standard works metastases to the liver and retroperi- 
toneal lymph nodes are usually mentioned, and by some authors they 
are stated to be common, but there appears to have been little reported 
concerning more distant secondary growths, and no emphasis has been 
placed on the notable tendency of these tumors to spread by way of the 
blood stream. 

Baldwin,’ in a review of fifty cases collected from the Index Medi- 
cus up to 1900, finds that scirrhus carcinoma is the most common car- 
cinoma of the pancreas and that metastases are not common, except 
in the liver. He gives the following figures relative to the frequency 
of secondary growths in his series: 

Metastases: None in 10 cases; liver, 11; neighboring lymph nodes, 
11; duodenum, 5; lungs, 3; kidneys, 3 (once in the right kidney and 
once in the left kidney alone) ; spleen, 3; capsule of spleen, 1; opening 
of common duct into duodenum, 2; omentum, 2; pleura, 2; colon, 2; 
solar plexus and nerves, 2; mesocolon, 1; muscular coat of intestine, 1; 
abdominal wall, 1; pyloric wall, 1; opening of cystic duct from gall- 
bladder, 1; psoas muscle, 1; no statement concerning metastases, 8 





*From the Pathologic Laboratory of the Peter Bent Brigham Hospital, 
Boston. 
1. Baldwin, F. A.: Phila. M. J., 6:1195, 1900 
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He does not state, however, in how many instances lesions in various 
organs were associated in the same person or what combinations were 
found 

In connection with blood-vascular invasions, Baldwin describes the 
following condition found in the primary growth in one of his own 
cases: 

Some of the vessels have their lumen completely obliterated by growth 
into it of tumor cells and others have their lumen partially or wholly closed 
by laminated thrombi and when these are examined one finds places where 
two, four, or six cells are seen which are entirely surrounded by fibrin and 
blood cells of thrombus If one follows back along the vessel wali, one sees 
a place where the wall has been involved by tumor from without. First there 
has been an invasion of the adventitia. From this coat, tumor cells have pro 
ceeded along lymph spaces into media and intima. Then points are seen where 


tumor cells have broken through into the intima and grown into the lumen. It 
is in these vessels that the laminated thrombi are found in which the loosened 


In the series studied in this laboratory, the two cases which on 
microscopic examination proved to be scirrhus carcinoma showed no 
metastases, but in the remaining six cases, secondary involvement of 
the liver was present in all, and regional lymph nodes were affected 
in all but one 

Che lungs of five of the six patients were involved, the stomach 
was involved in four and the duodenum in four cases, the two latter 
organs apparently by direct invasion rather than by metastasis, although 
it was frequently impossible to determine definitely which type of 
extension had occurred. In three cases there were metastatic foci in 
the suprarenals and in a fourth case direct invasion of the left supra 
renal occurred lhe brain was examined in only two cases; secondary 
growths were found in both. In these two cases, which will be 
described more in detail later, there was a generalized carcinomatosis, 
involving almost every organ 

Che features on which it 1s desired to lay emphasis are: (1) the 
tendency of these tumors to invade the blood stream locally; (2) the 
occurrence of generalized carcinomatosis by blood dissemination, and 
(3) the signs caused by secondary growths in two patients which 
obscured the clinical picture. There was definite evidence of dissem- 
ination by way of the blood stream in two cases of adenocarcinoma, 
and in two others there was invasion of the portal vein or its branches, 


in which, however, no generalized distribution of tumor foci occurred. 


REPORT OF CASES 


The following extracts from the protocols serve to iliustrate the 


invasion of the venous system: 
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Case 1—L. K., male, aged 33. Necropsy by Dr. S. B. Wolbach. Carcinoma 
of head of pancreas. “On opening the portal tein it is found to be surrounded 
by tumor (primary) for a distance of 6 to 7 cm. At the lower margin of the 
tumor at the level of the entrance of the superior mesenteric vein it has a 
plaque-like thrombus of friable whitish material and upon removal of this 
thrombus the intima is found roughened, elevated and firm, and it is evident 
that tumor has extended into the vein at this point.” 

Case 2.—O. S., male, aged 75. Necropsy by Dr. S. B. Wolbach. Carcinoma 
of tail of pancreas. “Dissection of the extrahepatic portion of the portal vein 
shows nothing unusual, but a probe introduced into the splenic vein meets 
resistance where it enters the tumor and here it is completely occluded. The 
splenic vein is picked up at the hilus of the spleen and two branches of large 
size are found running in the gastro-splenic omentum to the greater curvature 
of the stomach, while the splenic vein itself enters the tumor where it is 
compressed and occluded by the firm growth. Further dissection of the portal 
vein shows the branches going to the left lobe to be normal. The main branch 
going to the right lobe is completely occluded by a tumor nodule. The occluded 
portion is preceded by a short distance of vein which is flattened by surrounding 
tumor. The large branches of the hepatic vein opening into the vena cava fron 
the right are compressed and a few small yellowish nodules from 1 to 2 mm 
in diameter are present in the intima. Such vessels when followed into the 





Fig. 1.—Metastatic focus in myocardium, High power 


substance ,of the liver appear to be occluded completely where they enter the 
tumor nodules.” This man also showed occlusion of the hepatic duct within 
the liver substance. 


In the patients in whom more generalized distribution occurred, 
invasion of larger vessels was not demonstrated but there seems little 
doubt that the process by which the tumor spread is similar in the 
two types, and that secondary growths at more distant points owe 
their origin to invasion of the venous system either at the seat of the 
primary growth or in the liver. 

Of the two cases in which secondary tumors were numerous, the first 
showed metastases in the liver, lungs, suprarenals and brain. In the 
liver there were the usual large umbilicated nodules and in the supra- 
renals there was practically complete replacement of parenchyma by 
tumor growth. Both lungs presented typical small plaques on their 
pleural surfaces and within the substance of the organs, and in addition 


the left lung showed a rather unusual picture 
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Case 3.—W. D., male, aged 50. Necropsy by Dr. F. D. Adams. Carcinoma 
of head of pancreas. “The upper lobe of the left lung is firm, collapsed, con- 
tracted, and about one fourth of the normal size. It is drawn over toward 
midline and is adherent to adjacent pericardium. On tracing the upper branches 
of the pulmonary artery and vein and the bronchus imto this lobe they are 
all found to be completely occluded by the firm mass of tissue. The pulmonary 
artery on the medial side of the obstruction contains within its lumen, pos- 
teriorly, a raised reddish mass, adherent to wall and which on section has a 
yellowish center, giving the appearance of tumor metastasis with superimposed 
thrombus. The firm upper lobe on section shows a dark greenish blue anthra- 
cotic surface with scattered areas of greenish yellow fading into surrounding 
tissue. Microscopic examination showed practically complete destruction of 
lung tissue, the architecture being in places entirely destroyed by tumor cells 
having a tendency toward alveolar formation, but with a dense fibrous tissue 
stroma. In this mass, as well as in other foci in the lung, there were found 
areas in which cells were smaller than the typical tumor cells and were sur- 
rounded by homogeneous, structureless material interpreted as being colloid. 











Fig. 2.—Metastatic focus in alveoli of lung. High power. 


This material was also found free in irregular spaces in the stroma without 
relation to tumor cells which had probably been present previously but had 
degenerated. Other places in the lungs showed invasion by small *masses of 
tumor tissue which followed outlines of the pulmonary alveoli, but tumor cells 
could not be demonstrated within the alveolar capillaries. 


Foci of tumor growth were found scattered through the cortex 
and white matter of the brain in this patient, being described as small 
irregular areas of discoloration, brownish, somewhat gelatinous, irreg- 
ularly outlined and poorly demarcated. They proved to be, on micro- 
scopic study, metastases involving brain tissue and in places overlying 
meninges as well. Here there were frequently found blood vessels 
filled completely or partially with clumps of tumors cells and some- 
times lying a short distance apart from the tumor focus. Colloid change 
was prominent in all the foci examined in this brain. 

Colloid was found also in one other case, but in the latter it was 


present in the primary growth as well as in the metastases, whereas 
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in the instance just discussed the tumor in the pancreas was a pure 
adeno-carcinoma. 
The most unusual case of the series is one in which a diffuse 


carcinomatosis occurred with widely distributed metastases 


Case 4.—M. Ca., female, aged 47. Necropsy by Doctor F. D. Adams. 

Body Obesity. Pallor suggesting quite severe anemia. Edema about left 
eye. Swelling of deeper tissues in region of angle of jaw, extending well down 
into the neck. Beneath, a hard irregular nodular mass is palpable, which appears 
to be a tumor involving the parotid gland and regional nodes as well. 

Peritoneal Cavity Numerous small white, slightly raised tumor nodules 
scattered at irregular points on the intestinal surfaces, averaging from 2 to 
3 mm. in diameter. Mesenteric lymph nodes enlarged and show evidence of 
invasion. 





Fig. 3.—Metastatic focus in malpighian body of spleen. High power 


Pleural Cavities: Tumor nodules on diaphragmatic surface 

Mediastinum Nodules present in the fatty tissue surounding the peri 
cardium and on external surface of pericardium, but none on its inner surfac 

Heart Normal size. Nodules averaging from 3 to 4 mm. in diameter 
on the epicardial surface. Endocardium shows a number of tumor plaques 
and nodules in right auricle and ventricle. Valves and myocardium not 


remarkable. 

Lungs: Tumor nodules present on pleural surfaces and within substance 
cf the organs 

Spleen No gross evidence of tumor invasion. 

Gastro-intestinal Tract Nodules on peritoneal surfaces as noted. Similar 


nodules scattered through mucosa of stomach, small and large intestines 

Pancreas Enlarged, firm, hard and nodular. Outer surface studded 
throughout with closely packed tumor nodules, raised over surface from 1 to 
5 mm. Involvement of peripancreatic tissue by tumor nodules as well. On 
section, gland is largely replaced by tumor throughout, but small areas of normal 
appearance are seen lying between nodules. 
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Liver: A few small and large (about 1 cm. in diameter) nodules are present. 

Gallbladder and ducts Not remarkable. 

Kidneys: Both organs show tumor nodules in cortex and medulla, varying 
from 1 to 3 mm. in diameter. Passive congestion. Both pelves bright red in 
color, showing extreme degree of hemorrhage into mucosa. 

Suprarenals: Not remarkable. 

Bladder: Not remarkable. 


Uterus Tumor nodules within mucosa. 

Ovary Not remarkable. 

Neck Piece of tissue removed from region of left parotid gland shows 
tumor infiltration 

Brain No evidence of tumor externally or on section after fixation. 


Vicroscopic Examination—Heart: Several small nests of epithelial cells of 
tumor type are seen in the myocardium, particularly in capillaries and small 


blood vessels 





Fig. 4. Metastatic focus in glomerulus of kidney. High power. 


Lungs \lveolar capillaries show tumor emboli varying from single cells 
to small clumps. They are included within the capillaries but many have 
invaded surrounding tissue, and lie free in the alveoli. In some sections they 
form long cords of cells outlining alveoli. In one section there are large 
tumor masses, the largest measuring 4 mm. in diameter, of typical cells arranged 
in alveoli and cords. Mitoses are numerous. There is quite marked edema. 

Spleen: Isolated small clumps of tumor cells are found in the malpighian 
bodies, as well as in the pulp 

Stomach: There is one section which shows high elevation of mucosa due 
to infiltration of submucosa and portions of mucosa by tumor cells. 


Small Intestine An occasional group of tumor cells is seen in the mucosa. 
Large Intestine: Tumor cells are present singly and in small groups. 
Pancreas: Two sections contain tumor nodules, some of them as wide as 


3mm. Nodules are composed of epithelial cells staining typically and arranged 
in alveolar form. There is attempted encapsulation with considerable inter- 
stitial pancreatitis resulting in atrophy of alveolar parenchyma. Mitotic figures 
are numerous 
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Liver: In one section there is a large tumor nodule 14 mm. wide com- 
posed of alveoli of epithelial cells surrounded by a fine fibrous stroma. There 
is also dissemination through the liver substance, the capillaries containing 
tumor cells in varying numbers. 

Kidneys: A large number of glomeruli contain a few tumor cells in the 
capillary tufts, in most instances the cells lying entirely within the lumina of 
the vessels. Larger areas of tumor invasion are also present. 

Suprarenals: A few groups of tumor cells present in capillaries of medulla. 

Bladder: A few tumor cells in occasional capillaries are found in the 
muscularis. 

Uterus: Negative, except for marked obliterative endarteritis. 

Ovaries: Numerous tumor nodules are present in vascular spaces, appar- 
ently lymphatics. 

Sone Marrow: Tumor cells are present in large numbers. 

Mesenteric Lymph Nodes: Show almost complete replacement by tumor 
growth. 

Brain: Foci of tumor metastasis are found in the brain cortex. For the 
most part these foci consist of tumor cells situated in perivascular spaces, 
although in some parts cerebral tissue has been invaded, the center of growth 
being apparently a perivascular space. 


Fig. 5.—Metastatic focus in brain showing perivascular growth. Low power. 


In this group of cases the carcinoma of the pancreas showed a 
definite tendency to invade local blood vessels and to disseminate 
metastases to the liver and lungs, and in some instances to other parts 
of the body. The type of tumor in which this occurs is the adeno- 
carcinoma. While the primary tumor may be essentially of adenocar- 
cinoma type, colloid change may occur in primary or secondary growths 

It is of interest from the clinical standpoint to note that in the two 
cases showing the widest dissemination there were signs due to sec- 


ondary invasions which were of such a nature as to obscure the diag- 


nosis. One patient (W. D., Case 3) showed a mass of collapsed lung 
and tumor in the upper left chest and a lesion in this region was 
demonstrated on physical examination and by roentgen ray. ( Pulsa- 


tion of the mass was observed under the fluoroscope.) These facts. 
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taken into consideration with a systolic murmur at the apex and a 
diastolic murmur in the third interspace on the left, pupillary signs, 
abnormalities of the deep reflexes and a positive Wassermann reaction 
in the blood serum, caused several observers to record a diagnosis of 
syphilis, aneurysm and syphilis of the liver. There was no evidence 
f syphilis at the necropsy, the jaundice being due to biliary obstruc- 


tion just above the ampulla, the central nervous system signs probably 


being due to areas of softening in the brain, and the heart murmurs 
The 


possibly to pressure on the vessels by the growth in the lungs. 
tumor metastases in the brain, and the demonstration of 


presence of 
tumor cells within capillaries, make it seem probable that the infarc- 
tions were due to invasion of cerebral vessels by tumor or their occlu- 


sion by tumor emboli. 


PATHOLOGK ANALYSIS OF EIGHT CASES OF MALIGNANT 
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In the case of M. Ca. (Case 4) there was a history of profuse 
bleeding per urethra for five days prior to 
a normal bladder and a normal 
On the left, 


admission to the hospital 


Cystoscopic examination revealed 
urethral orifice on the right with a normally clear efflux 


however, the orifice was pouty and there was no efflux during pro- 


longed observation. The patient passed almost pure blood per urethra 


while in the hospital, but further study was impossible because of her 
poor condition. The genito-urinary findings, however, taken in con- 
junction with general signs of malignant disease, pointed toward a 
diagnosis of hypernephroma. 

On microscopic examination, the most unusual feature of this case 
is the presence of extensive metastases within glomerular tufts \bout 
half the number of tufts in each kidney contain groups of tumor cells. 
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Often one can see only two or three tumor cells plugging a capillary 
channel; in other cases the glomeruli are almost completely filled with 
them. Occasionally, tumor crescents fill and distend the capsular 
spaces. Mitotic figures are numerous in these secondary growths. 
Larger branches of the renal veins show areas of thrombosis, some 
fresh, others older, with beginning organization. Occlusion of these 
vessels does not appear to be complete. No tumor cells have been 
demonstrated in these thrombi. The disturbances of circulation in the 
kidney due to these glomerular metastases and to thrombosis probably 
account, in part, at least, for the extensive pelvic hemorrhages leading 
to hematuria. 

Persistent jaundice, due to obstruction of bile ducts, is re garded as 
one of the most important signs of pancreatic carcinoma, and it has 
been estimated that it occurs in about three fourths of such cases 
In the series of eight cases under discussion, this feature was present 
in only four instances. There was obstruction at the ampulla in the 
two scirrhus cases, just above the ampulla in a third case, and of the 
intrahepatic portion of the hepatic duct in a fourth case. In the latter 
instance, occlusion was caused by a metastatic growth and not by 
primary tumor, which was in the tail. Four patients, in two of whom 
the head was involved primarily, showed no obstruction, despite the 
fact that in three of them there was extensive involvement of portions 
of the duodenum. 

Clinically, carcinoma of the pancreas was strongly considered in 
three of the four cases with jaundice, but received practically no atten 
tion in the cases where this factor was not present However, on 
reviewing the clinical records of the latter patients, after the nec ropsies, 
it was found that no features had been overlooked which should have 
given a key to the correct diagnosis. 


2. Osler and McCrae Modern Medicine, Ed. 2, New York, Wm. Wood 
& Co., 1914, Vol. 3, p. 652. 














BRONCHIAL ASTHMA: RESPONSE TO PILOCARPIN 
AND EPINEPHRIN * 


HARRY L. ALEXANDER, M.D snp ROYCE PADDOCK, M.D 


NEW YORK 


The causes and factors apparently responsible for bronchial asthma 
vary widely among different individuals. One feature common to all 
patients with this disease is the presenting symptom—a paroxysm of 
difficult breathing. In studying patients during intervals of freedom 
from these attacks, attempts have been made to associate other condi- 
tions with bronchial asthma. It has been considered as being due to 
a vasomotor neurosis,’ to an exudative diathesis,? to increased tone of 
the vagus nerve,* to sensitiveness to foreign proteins, * to a disordered 
metabolism,’ bacterial infection of the respiratory tract,® and to cer- 
tain abnormalities in the nose.’ 

During the past winter a series of patients with bronchial asthma 
was studied in detail in the hope of correlating any findings which 
all, or nearly all, might present. From these individuals careful his- 
tories were obtained and physical examinations were made, with special 
reference to lesions of the nose and throat; signs of vagotonia; status 
lymphaticus, roentgenograms of the chest and, when indicated, of the 
paranasal sinuses and the gastrointestinal tract; blood counts, sputum 
examinations, response to pilocarpin and epinephrin, and cutaneous 
reactions to foreign proteins In the latter test only very distinct 
reactions were called positive. Bacterial proteins were not used because 
of the uncertainty of their action. Most cases showed emphysema in 
some degree, judged both by physical signs and roentgen-ray findings 
and also abnormal nasal conditions ; many cases showed a steady hyper- 
eosinophilia in the blood and, during attacks, in the sputum; many 
showed a low systolic blood pressure and increased roentgen-ray lung 
markings Chese usually consisted of increased hilus shadows from 

From the Second Medical Division of Bellevue Hospital and the Depart 
ment of Medicine, Cornell University Medical College 

1. Weber, | Arch. f. Physiol., p. 63, 1914 
» Von Striimpell, A. \ Textbook of Medicine, Ed. 4, New York, 1913. 


p. 220. Czerny, A.: Jahrb. f. Kinderh. 61:199, 1905. 
3. Eppinger, H., and Hess, L.: Ztschr. f. klin. Med. 67:345, 1909; 68:205, 


1909 


4. Meltzer, S. J.: Tr. Assn. Am. Phys. 25:66, 1910. Talbot, F. B.: Boston 
M. & S. J. 171:708, 1914. Walker, I. C.: Boston M. & S. J. 179:288. 1918. 
5. Adam, ] Asthma and Its Radical Treatment, New York, 1917. 


6. Walker, 1. C., and Adkinson, |] 1. Med. Research 40:229, 1919. Goodale 
1. L.: Boston M. & S. J. 174:223, 1916 
7. Matthews, | Med. Rec. 84:512, 1913 
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which bronchial outlines spread well out into the periphery of the 
plate, and frequently well up into the apices. Very often the roent- 


genologic diagnosis of these plates was that of tuberculosis; but there 


; 
was no further evidence to confirm this. The outstanding feature of 
these examinations was the almost constant sensitiveness to pilocarpin 

Eppinger and Hess,* as well as Barker and Sladen,* and others * 
have confirmed clinically the earlier pharmacologic observations of 
Langley, that pilocarpin stimulates some of the vagus nerve fibers, as 
contrasted with epinephrin, which acts on those of the true sympathetic 
system.*® Consequently, pilocarpin evokes a response in organs inner- 


vated by certain branches of the vagus, as well as in the salivary glands, 
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Fig. 1—Response to epinephrin chlorid, 0.5 c.c. of 1: 1,000 solution (Parke, 
Davis & Co.), administered subcutaneously, of an apparently normal individual. 


the vasodilators of the head, and in the sweat glands, which many 
authors believe belong to the “extended vagus” or autonomic system."* 
Stimulation by adequate doses of pilocarpin, therefore, may lead to 
salivation, sweating, flushing, moisture of the eyes and asthma, for 
the circular muscles of the bronchioles are also innervated by the vagus. 
Eppinger and Hess maintain that bronchial asthma is an example par 


8. Barker, L. F., and Sladen, F. J.: Tr. Assn. Am. Phys. 27:471, 1912 

9. Petrén, K., and Thorling, I.: Ztschr. f. klin. Med. 73:27, 1911. Lehmann, 
G.: Ztschr. f. klin. Med. 81:52, 1915. Bauer, J.: Deutsch. Arch. f. klin. Med. 
107:39, 1912. 

10. Elliott, T. R.: J. Physiol. 32:401, 1905. 

11. Fréhlich, A., and Loewi, O.: Arch. f. exper. Path. u. Pharmakol. 59:34, 
1908. 
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excellence f heightened vagus tone, or vagotonia, but give only one 
ase report to substantiate it. Barker and Sladen cite two cases of 


bronchial asthma which responded with flushing, sweating, etc. to small 


‘ ' . ] +1 
doses of pilocarpin and, therefore, they considered these to be 
vVagotonics 
rABLE 1 ResPONSE OF NorMAL INpbIVIDUALS TO PILo 
0.003 Gm. (449 GRAIN) SUBCUTANEOUS 
Number Asthmatic Salivation Sweating Epiphora Flushing Feeling of 
Breathing Warmtt! 
‘ ) 0 
Reactions appeared within twenty minutes 


TABLE 2.—Response or PATIENTS WITH BRONCHIAL ASTHMA TO PILOCARPIN: 
0.003 Gm. (% Gratin) SuBcuTANEOUSLY. (Testep DvuRING 
INTERVAL OF FREEDOM FROM ATTACKS) 





Number Asthmatic Salivation Sweating Epiphora Flushing Feeling of 
Breathing Warmth 
1 
4 ~~ + . > Sina oo 
4 + 
6 0 
g H 
a 4 
1 ; 0 
11 0 + 
12 0 + 
13 0 
14 0 + 
if 0 + 0 
17 0 0 0 
18 0 + 0 ’ 0 
Ww 0 0 0 0 ’ o 
”) 0 v0 o ii o 0 
Reactions appeared within twenty minutes 


Most investigators recommend 0.01 gm. (about \%& grain of the 
drug) to bring out these reactions, but as this evidently gives marked 
response in many normal individuals, we deemed it wiser to use small 
doses, and in this series approximately 0.003 gm. (%» grain) was 
employed. To this dose normal people gave very scant or no response, 


whereas vagotonic patients with or without asthma gave varying degrees 


of reaction (Tables 1 and 2). 
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It is conceded by many of the above authors that pilocarpin may 
not bring out all evidences of increased vagus tone. For instance, it 
has no constant action on the human heart rate. They have shown that 
negative pilocarpin reactions may not rule out vagotonia and that other 
signs and associated conditions must be looked for. These include 
eosinophilia, dermatographism, absent gag reflex, bradycardia, low 
blood pressure, pulsus irregularis respiratorius, and the presence of 
status lymphaticus. This condition, which is more easily recognized 
clinically in the male, occurred in eight of the fourteen men in our 
series. Cases were considered as being cases of status lymphaticus 
when they showed a transverse pubic hair line, absence of thoracic and 
abdominal hair, scant axillary hair, scant facial hair of typical con- 
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Fig. 3—Type of response to epinephrin in a case of bronchial asthma with 
normal blood pressure. 


figuration, smooth skin, arching thighs, and broad type of pelvis. In 
this series the asthmatic attacks and the incidence of all of these signs 
was of such frequency as to support the contention that a large pro- 
portion of these cases may belong to the clinical group which the writers 
mentioned above have designated as vagotonic. 

It has been found by Petrén and Thorling® and others that a 
small percentage of their cases responded both to pilocarpin and epineph- 
rin. In such cases these authors therefore claim the coexistence of 
a heightened irritability of the autonomic and of the true sympathetic 
portions of the involuntary nervous system, rather than an increased 


12. Wilson, R. M., and Carroll, J. H.: The Nervous Heart, London, 1919. 
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tonus of either. Apparently normal individuals, or those in whom 
there is adequate balance between the vagus and true sympathetic 
systems, rarely give such a response.’* Little attention has been paid 


to the condition of the balance between the two factors of the involun- 
lary nervous system in patients with bronchial asthma. Petrén and 
Thorling,® Lehmann,® Falta, Newburgh and Nobel,’* and Wearn,"® 
each cite only one positive case of epinephrin sensitiveness in asthma, 
while Eppinger and Hess deny its occurrence. Figures 2 and 3 show 
the results of tests with epinephrin. 


TABLE 3.—ANALysIs oF THE SERIES SHOWING AN INTERESTING RELATIONSHIP 
3ETWEEN EPINEPHRIN RESPONSE AND BLoop Pressure * 
Before Epinephrin Maximal Rise 
Pilo- Epine- —- —— ~——- -- - 
Number d earpin phrin Systolic Systolic 
Reaction Reaction Blood Pulse Blood Pulse 
Pressure Pressure 
100 72 156 
110 135 
oR ) 140 
109 144 
ray r 120 
103 135 
1% 5 
138 
138 
132 


* Epinephrin response oceurred only when the systolic blood pressure was low, except in 
Case 12, whereas, with this single exception, no reaction occurred when the blood pressure 
approximated the normal. One case with a low systolic blood pressure (Case 16) faded to 
give a positive reaction. 


Janeway and Park ** studied the effect of epinephrin on excised 
arterial strips. They found that this drug worked best on relaxed 
arterial walls, and least on constricted ones, which offered less range 
of action. Swann? made similar inferences as regards the disappear- 
ance of urticarial wheals under epinephrin, where extreme local vaso- 
dilatation offers the best opportunity for constrictor action. Park ™ 
infers a similar mechanism in bronchial asthma. The constricted 
bronchioles allow great excursion to the stimulus of epinephrin, which 
here has a dilator effect. 


13. Wearn, J. T., and Sturgis, C. C.: Arch. Int. Med. 24:247 (Sept.) 1919, 
14. Falta, W.; Newburgh, L. H., and Nobel, E.: Ztschr. f. klin. Med. 72: 
97, 1911. 

15. Wearn, J. T.: Med. Rec. 98:164, 1920 

16. Janeway, T. C., and Park, E. A.: J. Exper. M. 16:541, 1912. 

17. Swann, A. W.: Am. J. M. Sc. 145:373, 1913 

18. Park, E. A.: J. Exper. M. 16:558, 1912. 
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In patients of this series with low blood pressures and bronchial 
asthma, obviously the two factors, bronchial constriction and peripheral 
vasodilatation, occur. It has been an interesting observation that in 
many of these cases very small amounts (0.25 c.c.) of epinephrin 
(1:1,000) sufficed to relieve asthmatic paroxysms, as contrasted witl 
the asthmatic patients with normal blood pressures who gave no 
epinephrin response. In the latter group it required larger doses to 
attain the same result. Similarly, the sensitive cases reacted to the drug 
test where 0.5 c.c. of epinephrin chlorid, 1:1,000, was employed, with 
distinctly unpleasant symptoms, and often with exorbitant rises of blood 
pressure and pulse. These symptoms were absent in the latter group 
(Table 3). It is obvious that the habitually larger therapeutic dose of 
this powerful drug as used in bronchial asthma may be greatly in excess 
of requirement. This may be felt by the patient as a blow from a club, 
rather than the support of a crutch to his unbalanced visceral mechan 
ism. Caution is, therefore, urged against the promiscuous use of 
adrenalin in asthma 

Higier '® and others cite Addison’s disease as the best clinical 
example of vagotonia due to epinephrin insufficiency. It has been 
shown that in this condition there may be an enormous rise in the blood 
pressure after epinephrin. The thought is, therefore, suggested that 
in subjects with bronchial asthma who are sensitive to epinephrin, the 
increased yagus tone and irritability may be due to a corresponding 
lack of tone of the opposing sympathetic system, which remains sensi- 
tive, and still able to react sharply to the stimulus, epinephrin. The 
association of constitutional defects such as status lymphaticus with 
many other functional disturbances of the viscera, and a general inabil- 
ity of its subjects for the high grade function demanded for great 
bodily exertion, give a possible clue to the nature of these defects. It 
is possible that a lack of balance predisposes these patients to the exces 
sive reactions which form the presenting symptoms of bronchial asthma 

The outstanding feature of this series of cases is the frequency 
with which the same individual showed abnormal irritability of the 
two opposing divisions of the involuntary nervous system, as indicated 
by the response to the two test drugs This peculiarity is not confined 
to bronchial asthma. Wilson and Carroll '* made similar observations 
in cases of disordered action of the heart in soldiers, and Bauer,® 
Petrén and Thorling,® and Lehmann ® found it in functional gastric 
conditions and in patients usually called “neurotic.” 


19. Higier, H.: Vegetative Neurology Translation, Nervous and Mental 
Disease Monograph Series, New York and Washington, 1919 











CONCLUSIONS 
l 


ination with routine laboratory aids and drug tests revealed no cot 
stant associated condition, 


2. The most frequent finding was abnormally increased sensitiveness 


to pilocarpin 


In a series of twenty cases of bronchial asthma, a general exam- 


These cases frequently presented constitutional detects 
(status lymphaticus) and abnormal reactions described as charactet 
istic of the condition called vagotonia. 

3. The majority of cases reacted also to epinephrin with an abnormal 
rise in blood pressure and other characteristic signs 


pallor, tremor 
sometimes rigor 


denoting increased sensitiveness to this drug 


4. A relation between low blood pressure and excessive epinephrin 


reaction was apparent, while the smaller number of cases with normal 
or high blood pressure gave regularly normal reactions 
5. Cases reacting excessively to epinephrin were found to be relieve: 


by 0.25 c.c., a much smaller dose of the drug than is usually employed 

















ANGINA PECTORIS 


AN ELECTROCARDIOGRAPHIC STUDY 


F. A. WILLIUS, M.D 


ROCHESTER, MINN. 


Patients having angina pectoris occasionally do not present objective 
evidence of heart disease. This fact prompted the study reported on 
herewith in order to detect, if possible, alterations in the electrocardio- 
grams of such patients. 

A critical study of 155 cases of angina pectoris was undertaken, 
including a careful analysis of clinical histories, physical findings, elec- 
trocardiograms and other adjunct laboratory data. Nineteen patients 
(12.2 per cent.) had recognizable aortic lesions, four of which were 
of syphilitic origin. Seven patients had aortitis, four aortic regurgi- 
tation, five aortitis and aortic regurgitation, two aortic stenosis, and 
one patient had an aneurysm of the descending aorta. Seven patients 
having syphilis did not have clinical evidence of aortic disease, although 
the heart was invaded by disease. In this group the possibility of 
unrecognized aortitis producing atresia of the coronary orifices must 
be considered although this type of aortitis is usually recognized. Two 
patients (1.3 per cent.) had mitral stenosis. 

The remaining 134 patients (86.5 per cent.) had indeterminate 
pathologic lesions, granted that we must discard the view of coronary 
disease accepted as true for many years and revealed at necropsy 
innumerable times. Allbutt’s work, which appeared in 1915, was revo- 
lutionary, completely discrediting the coronary hypothesis. It is not 
my intention to renew the controversy which arose in this country fol- 
lowing the publication of Allbutt’s * work. 

I must acknowledge that I find it difficult to classify this large group 
of patients (86.5 per cent.) if coronary disease is not responsible for 
their angina. If aortic disease was present, it was not detected clin- 
ically, and such a high percentage of diagnostic error is certainly 
unlikely. No instance of adhesive pericarditis was noted. 

The series comprised 128 males and twenty-seven females. The 
greater number of patients were found in the fifth (thirty-four), 
sixth (fifty-nine) and seventh (forty-five) decades. Seven patients 
(4.6 per cent.) did not have objective evidence of heart disease and 
will be considered later. 





1. Allbutt. C.: Diseases of the Arteries Including Angina Pectoris, London, 
Macmillan, 1915, 2. 
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ELECTROCARDIOGRAPHIC FINDINGS 


Thirty electrocardiograms (19.4 per cent.), including ventricular 
preponderance and T wave negativity in Derivation III were considered 
normal. This criterion is just, I believe, since preponderance of one 
or the other ventricle is often observed in apparently normal hearts. 
Excluding the electrocardiograms having ventricular preponderance the 
number is twelve (7.7 per cent.). 

Changes in the Final Ventricular T Wave.—A great deal of uncer- 
tainty has existed with regard to the mode of production of the normal 
T wave. Experimental and clinical studies * indicate that this wave is 
a contraction phenomenon resulting from changes in contraction pre- 
ponderance on one side of the line of equipotential. Smith,? during 
his work on ligation of the coronary arteries, found that changes in 
the T wave were the most constant electrocardiographic findings. He 
found the T wave to become strongly positive first, then to become 
markedly negative and return more slowly to the positive or the iso- 
electric form. 

An analysis of Smith’s electrocardiograms reveals numerous 
instances of abrupt peaked positive T waves of exaggerated amplitude 
This type of T wave is not infrequently encountered in routine clinical 
electrocardiography, and sharply contrasts the usual blunt curved wave 
of lower amplitude. It is at times present in a single derivation, but 
more often in combined derivations. This finding occurred in eighteen 
(11.6 per cent.) of the electrocardiograms in this series. Such a T 
wave, I believe, is evidence of rather sudden changes in contraction 
preponderance, indicative, probably, of increased contraction of certain 
muscular areas. Figures 1 and 2 illustrate the type of T wave under 


discussion contrasted with the normal type. 


Pardee * recently published remarkable electrocardiograms of a 
patient with sudden coronary obstruction. A most unusual positive 
(upright) T wave was present, markedly exaggerated in amplitude, 
having a distinct moundlike contour, occurring before the completion 
of the R wave, and occupying 0.40 second. It was present in Deri- 
vations II and III. As improvement in the patient’s condition occurred, 
the wave approached normal but became negative (inverted) in both 
derivations, especially peaked in Derivation ITI. 

2. Eyster, J. A. E., and Meek, W. J.: The Interpretation of the Normal 
Electrocardiogram. A Critical and Experimental Study, Arch. Int. Med. 11: 
204 (Feb.) 1913. Hoffmann, A.: Zur Deutung des Elektrokardiogramms, Arch. 
f. d. ges. Physiol. 133:552, 1910. 

3. Smith, F. M.: The Ligation of Coronary Arteries with Electrocardio- 
graphic Study, Arch. Int. Med. 22:8 (July) 1918. 

4. Pardee, H. E. B.: An Electrocardiographic Sign of Coronary Artery 
Obstruction, Arch. Int. Med. 26:244 (Aug.) 1920. 
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There was no instance of acute coronary obstruction in-this series 
Four patients were examined soon after the onset of anginal attacks, 
one patient ten days after, one patient two and a half weeks after, and 
two patients three weeks after, but the histories and findings did not 
suggest sudden coronary obstruction. No outstanding electrocardio- 
graphic findings were apparent 

T wave negativity (inversion) occurring in isolated and combined 
derivations was present in eighty (51.6 per cent.) of the electrocardio- 
grams. T wave negativity results from alteration in potential dis- 
tribution from changes in contraction preponderance.’ Changes in 
contraction preponderance may result from changes in blood volume, 
and from organic or functional myocardial fatigue. The significance 
of T wave negativity, in the previously reported series, as evidence of 
heart disease in order of gravity was (1) combined Derivations I and 
II, (2) Derivation I, (3) combined Derivations I, II, and III, (4) 
combined Derivations II and III, and (5) Derivation III. No sig- 
nificance can be attached to T wave negativity in Derivation III alone 
as it occurs in normal and in diseased hearts. Excluding T wave 
negativity in Derivation III, the number of patients with significant 
T wave negativity was fifty-one (32.9 per cent.). Table 1 records 


these findings in patients with angina pectoris. 


TABLE 1.—T-Wave Neeativity 


Total Deriva Deriva Combined Combined Combined 
Decade Number of tion tion Derivations Derivations Derivations 

Cases I Ill I and Il ITandIil = 1, Il and Ill 
31-40 8 1 1 0 0 
41-50 4 3 4 0 ‘ 1 
51-40 ) 10 s 6 4 2 
61-70 45 10 10 1 4 4 
71-80 . 1 1 0 ) 0 
S19 1 0 0 0 0 0 
Total 155 25 ~ 8 I > 


T wave negativity in Derivation I occurred in twenty-five (16.1 
per cent.) electrocardiograms, combined Derivations II and III in 
twelve (8.8 per cent.), combined Derivations I and II in eight (5.2 
per cent.) and combined Derivations I, II and III in five (3.2 per 
cent). The significance of these four types of T wave negativity 1s 
appreciated when the cardiac mortality statistics are analyzed. Thirty- 
seven of these patients have been heard from and twenty-six (70.3 
per cent.) have died from heart disease during a period of five years 
Six patients are known to have died in anginal attacks. The mortality 


5. Willius, F. A.: Clinical Observations on Negativity of the Final Ven- 
tricular T Wave of the Human Electrocardiogram. Am. J]. M. Sc. 160:844, 1920. 
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in the individual groups was: (1) Derivation I, 72.0 per cent., (2) 


combined Derivations II and III, 66.6 per cent., (3) combined Deriva 
tions I and II, 75.0 per cent., and combined Derivations I, II and Il, 
80.0 per cent. 

Figures 3 and 4 illustrate two sharply contrasted types of negative 
T wave, the rounded wave of low amplitude indicating a negativity 
which has existed probably for a long time, and the other, of greater 
amplitude and peaked, is a more recent abnormality. The latter wave 
is similar to those in Smith’s electrocardiograms. 

Abnormal Q R S Complexes in All Derivations —Much interest has 
been displayed the last few years in changes affecting the QRS 
complex of the electrocardiogram. Lewis* ascribed the anomalies to 
impairment of intraventricular conduction. In 1915 Oppenheimer and 
Rothschild * named the condition arborization block, and believed that 
lesions involving the Purkinje plexus were responsible for the bizarre 
complexes. Robinson,* a year later, reported similar findings, result- 
ing, he believed, from functional myocardial fatigue. Carter® dis- 
cussed the subject in two publications, calling attention to faulty con 
duction in the branches of the auriculoventricular bundle and to 
sclerosis affecting the bundle branches and arborizations. In my 
publication *° of 1919 I expressed the belief that a structural basis is 
responsible for the bizarre Q RS complexes, and that the arborization 
hypothesis seems tenable. It is my intention particularly to identify 
these electrocardiographic phenomena with a definite clinical picture 
and to emphasize the gravity of the disorder. Recent experimental 
work by Smith ** failed to confirm the arborization hypothesis. Follow 
ing coronary ligation, extensive subendocardial lesions were produced 
without the development of QRS changes. Abnormal comp!exes 
were, however, obtained by dividing the bundle branches and the com 
plexes became definitely bizarre when ventricular dilatation supervened 
Smith concluded that two factors were necessary for the production 

6. Lewis, T.: Clinical Electrocardiography, London, Shaw, 1913. 

7. Oppenheimer, B. S., and Rothschild, M A. Electrocardiographic Changes 
Associated with Myocardial Involvement, J. A. M. A. 69:429 (Aug. 11) 1917 

8. Robinson, G. C.: The Significance of Abnormalities in the Form of the 
Electrocardiogram, Arch. Int. Med. 24:422 (Oct.) 1919. The Relation of 
Changes in the Form of the Ventricular Complex of the Electrocardiogram t 
Functional Changes in the Heart, Arch. Int. Med. 18:830 (Dec.) 1916 

9. Carter, E. P.: Clinical Observations on Defective Conduction in the 
3ranches of the Auriculoventricular Bundle. A Report of Twenty-Two Cases 
in Which Aberrant Beats Were Obtained, Arch. Int. Med. 13:803 (June) 1914 
Further Observations on the Aberrant Electrocardiogram Associated with 
Sclerosis of the Atrioventricular Bundle Branches and Their Terminal Arbor- 
izations, Arch. Int. Med. 12:331 (Sept.) 1918. 

10. Willius, F. A.: Arborization Block, Arch. Int. Med. 23:431 (April) 1919 


11. Smith, F. M.: Experimental Observations on the Atypical QRS Waves 
of the Electrocardiogram of the Dog, Arch. Int. Med. 26:205 (Aug.) 1920 
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of the abnormal electrocardiogram: (1) lesions of the conduction sys- 
tem, and (2) cardiac fatigue. Wilson and Herrmann,” in a recent 
publication, state that complete bundle branch block is capable of pro- 
ducing characteristic Q R S changes but they do not believe that lesions 
of the bundle subdivisions are capable of producing such changes. 

Notwithstanding the variance of views as to the mode of production 
of the abnormal Q RS complexes, these electrocardiograms, when all 
derivations are involved, are indisputably linked with a clear-cut clinical 
picture. Patients having this disorder have marked myocardial dis- 
integration and the high and early mortality of this group indicates 
a lesion having the tendency to progress. 

Clinical and experimental evidence indicates intrinsic vascular degen- 
eration of the obliterative type as the primary cause. The progressive 
tendency of the lesion and its frequent association with significant T 
wave negativity favors this conception. 

The changes constituting an abnormal QRS complex are (1) a 
base width exceeding 0.10 second in complexes of unaltered contour, 
and (2) in aberrant complexes, notching, or splintering of the ascending 
or descending limb or of the apex R. 

3ousfield '* obtained electrocardiograms of a patient during a parox- 
ysm of angina pectoris and the QRS complexes in all derivations 
were bizarre. The base width was 0.16 second and definite notching 
was present. The complexes assumed normal characteristics after the 
paroxysm had subsided. Interesting changes in the T wave also were 
noted. During the attack the T wave in Derivation I was negative, 
which became positive later while the T waves of Derivations II and 
III became negative. 

In this series, twenty-two (14.2 per cent.) patients had aberrant 
Q R S complexes in all derivations of their electrocardiograms. Sixteen 
of these records were associated with significant T wave negativity. T 
wave negativity in Derivation I alone occurred with greatest frequency, 
being present in eight (36.4 per cent.) of these electrocardiograms. 

A high mortality occurs likewise in this group. Information 
regarding sixteen patients has been received; ten (62.5 per cent.) have 
died from heart disease and four of these died in anginal attacks. 

Abnormal Q RS Complexes in Isolated Derivations —Notching or 
slurring of the QRS complex in isolated derivations of the electro- 
cardiogram iis less conclusive than the same changes affecting all deri- 
vations. These findings are, at times, inconstant but have been repeat- 


12. Wilson, F. N., and Herrmann, G. R.: Bundle Branch Block and Arbor- 
ization Block, Arch. Int. Med. 26:153 (Aug.) 1920. 

13. Bousfield, G.: Angina Pectoris: Changes in Electrocardiogram During 
Paroxysm, Lancet 2:457, 1918. 
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edly observed over a number of years; they become more marked with 
the lapse of time. 

Wedd ** discussed these changes showing the association with defi- 
nite myocardial disease in some cases. In my analysis ** of 747 cases, 
I found the mortality attending this disorder to be 23.7 per cent. in 
the complete group, 11.2 per cent. higher than the control series of 
similar heart cases without localized notching or slurring of the QRS 
complexes. 

Thirty-three (21.2 per cent.) patients had notched Q R S complexes 
in isolated derivations of their electrocardiograms. The greatest num- 
ber occurred in Derivation III, nineteen (57.5 per cent.). In order of 
frequency the other derivations were involved as follows: Derivation 
II, nine (27.9 per cent.), combined Derivations II and III, four (12.1 
per cent.), and Derivation I, one (3.0 per cent.). Five (15.1 per cent.) 
of these electrocardiograms were associated with significant T wave 
negativity. Excluding these cases the cardiac mortality in the group 
was 47.3 per cent. 

Twenty-six (16.7 per cent.) patients had slurred Q R S complexes 
In ten (38.4 per cent.) patients these findings occurred in Derivation 
II, in eight (30.7 per cent.) in Derivation I, in seven (26.9 per cent.) 
in Derivation III, and in one (3.8 per cent.) in combined Derivations 
I and II. Eleven (42.3 per cent.) of these electrocardiograms were 
associated with significant T wave negativity. Excluding the cases with 
significant T wave negativity the cardiac mortality was 20.0 per cent. 

Delayed Auriculoventricular Conduction.—Prolongation of the P-R 
interval beyond 0.22 second is abnormal and indicates delay in impulse 
transmission between auricles and ventricles. Only two (1.3 per cent.) 
patients had this abnormality in their electrocardiograms. In both 
cases the P-R interval was 0.24 second. In one electrocardiogram 
negativity of the T wave in Derivation I occurred. Information was 
obtained regarding one of these patients who died in an anginal attack 
four years after examination. 

Complete Auriculoventricular Dissociation (Complete Heart Block). 
—Only one patient (0.6 per cent.) had complete auriculoventricular 
dissociation. The auricular rate was 94 and the ventricular rate 47 
each minute. This patient died of heart disease seven and one half 
months after examination. 

Auricular Fibrillation —Three (1.9 per cent.) patients had auricular 
fibrillation. The infrequency of auricular fibrillation with angina pec- 
toris is apparent and due undoubtedly to the fact that the ventricles 


14. Wedd, A. M.: The Clinical Significance of Slight Notching of the 
R-Wave of the Electrocardiogram, Arch. Int. Med. 23:515 (April) 1919 

15. Willius, F. A.: Observations on Changes in Form of the Initial Ven- 
tricular Complex in Isolated Derivations of the Human Electrocardiogram, 
Arch. Int. Med. 25:550 (May) 1920. 
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bear the brunt of the ravages of the disease. Information regarding 
two of these patients has been received; both have died from heart 
disease, one two weeks and the other one year after examination 

Ventricular Preponderance Preponderance of the left ventricle 
occurred most frequently in 115 (74.2 per cent.) of the electrocardio 
grams. Preponderance of the right ventricle was present in only ten 
(6.4 per cent.) and no unbalance occurred in thirty (19.4 per cent.) 
of the tracings. 

Patients with Angina Pectoris with No Objective Evidence of Heart 
Disease.—Seven patients in this series had no objective evidence of 
heart disease. There was nothing outstanding in their electrocardio- 
grams. Two electrocardiograms revealed only ventricular preponder- 
ance, one was normal, except for the presence of an exaggerated P 
wave in Derivations II and III; three revealed notched Q RS com- 
plexes in isolated derivations, and one showed T wave negativity in 
Derivation III. It is evident that demonstrable cardiac disease 
must necessarily be present to produce significant electrocardiographic 
abnormalities 

Cardiac Mortality—The cardiac mortality of the complete group 
was 46.7 per cent. It is interesting to contrast this percentage with 
the mortality attending significant T wave negativity (70.3 per cent.) 
and abnormal QRS complexes in all derivations (62.5 per cent.). 
Sixteen patients are known to have died in anginal attacks; the infor- 
mation regarding the others was not specific in this regard. There 
was no constant relationship between the duration of angina and the 
degree of electrocardiographic abnormality. Figures 5 to 52 are the 
electrocardiograms of the fatal cases. One tracing was lost and another 


was indistinct, rendering reproduction impossible. 


CONCLUSIONS 

1. There are no electrocardiographic findings pathognomonic of 
angina pectoris. 

2. Significant T wave negativity occurred in one third of the elec- 
trocardiograms (32.9 per cent.) and is an important abnormality. 

3. Abnormalities in T wave contour affecting both the positive and 
the negative wave are significant 

4. Abnormal Q R S complexes in all derivations of the electrocardio- 
gram occurred in 14.2 per cent. of the records 
5. The cardiac mortality of the complete group was 46.7 per cent., 
definitely contrasted by the higher mortality attending those patients 
having significant T wave negativity (70.3 per cent.) and abnormal 
QRS complexes in all derivations (62.5 per cent.) of their electro- 


cardiograms 














Fig. 1.—Usual type of T wave. Rounded, low amplitude wave 





Fig. 2.—Abnormal T wave. Abruptly peaked, high amplitude wave. 








Fig. 3—Rounded low amplitude negative T wave 





Fig. 4.—Abruptly peaked, high amplitude negative T wave. 
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Fig. 5.—Case 160997. Angina pectoris two years. Patient died in anginal 
attack two weeks after examination. 
: 
; 
- 
Fig. 6—Case 170503. Angina pectoris six months. Patient died of heart 
" disease two weeks after examination. 
, 
: 
: 








WILLIUS—ANGINA PECTORIS 





Fig. 7—Case 206305. Angina pectoris one year. Patient died in anginal 
attack two weeks after examination. 


Fig. 8—Case 150610. Angina pectoris seven months. Patient died of heart 
disease one month after examination 
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Fig. 9—Case 126195. Angina pectoris six years. Patient died in anginal 
attack two months after examination. 








Fig. 10.—Case 242121. Angina pectoris one and one-half years. Patient 
died in anginal attack two and one-half months after examination 
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Fig. 11—Case 203754. Angina pectoris two months. Patient died of heart 
disease two and one-half months after examination 


Fig. 12—Case 167472. Angina pectoris nine months. Patient died three 
months after examination (aortic aneurysm). 
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Fig. 13—Case 179117. Angina pectoris two years. Patient died in anginal 
attack three months after examination. 





Fig. 14.—Case 222291. Angina pectoris two and one-half months. Patient 
died in anginal attack three months after examination. 
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Fig. 15—Case 248433. Angina pectoris seven months. Patient died in 
anginal attack three months after examination. 


Fig. 16—Case 221475. Duration of angina pectoris unknown. Patient died 
of heart disease three and one-half months after examination 
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Fig. 17—Case 206571. Angina pectoris four years. Patient died of heart 
disease four months after examination. 








Fig. 18—Case 218457. Angina pectoris two and one-half years. Patient 
died in anginal attack four months after examination 
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Fig. 19.—Case 157589. Angina pectoris three years. Patient died of heart 
disease four and one-half months after examination. 


Fig. 20.—Case 173245. Angina pectoris eight years. Patient died of heart 
disease five months after examination. 
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Fig. 21.—Case 153636. Angina pectoris two years. Patient died in anginal 
attack five months after examination. 





Fig. 22.—Case 236223. Angina pectoris seven months. Patient died of heart 
disease six months after examination. 





WILLIUS—ANGINA PECTORIS 


Fig. 23.—Case 236217. Duration of angina pectoris not known. Patient died 
of heart disease six and one-half months after examination. 


Fig. 24.—Case 176195. Angina pectoris five months. Patient died of heart 
disease seven months after examination. 
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Fig. 25.—Case 198206. Angina pectoris three years. Patient died of heart 
disease seven and one-half months after examination. 


Fig. 26.—Case 245363. Angina pectoris ten months. Patient died in anginal 
attack nine months after examination. 
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Fig. 27.—Case 96359. Angina pectoris fifteen years. Patient died of heart 
disease eleven months after examination. 


Fig. 28.—Case 180298. Angina pectoris five months. Patient died in anginal 
attack eleven months after examination. 
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Fig. 29.—Case 201583. Angina pectoris three weeks. Patient died of heart 
disease one year after examination. 





Fig. 30.—Case 160782. Angina pectoris one year. Patient died of heart 
disease one year after examination. 
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Fig. 31—Case 178742. Angina pectoris three weeks. Patient died of heart 
disease thirteen months after examination. 





Fig. 32—Case 147150. Angina pectoris six weeks 


Patient died of heart 
disease fourteen months after examination. 
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Fig. 33.—Case 97322. Angina pectoris two years. Patient died in anginal 


attack fifteen months after examination. 





Fig. 34—Case 145557. Angina pectoris five years. Patient died of heart 


disease sixteeen months after examination. 











WILLIUS—ANGINA PECTORIS 215 





Fig. 35.—Case 158332. Angina pectoris five years. Patient died of heart 
disease two years and four months after examination. 





Fig. 36—Case 226409. Angina pectoris eight months. Patient died in 
anginal attack twenty months after examination. 
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Fig. 37—Case 153850. Angina pectoris twenty years. 
disease twenty months after examination. 


Patient died of heart 





Fig. 38.—Case 242391. Angina pectoris five years. 
disease twenty months after examination. 


Patient died of heart 
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Fig. 39.—Case 136009. Angina pectoris four years. 
attack twenty-one months after examination 


Patient died in anginal 





Fig. 40.—Case 129182. Angina pectoris five years. 
disease two years after examination. 


Patient died of heart 
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Fig. 41—Case 228728. Angina pectoris one and one-half years. Patient 
died of heart disease two years after examination. | 





Fig. 42.—Case 148902. Angina pectoris one year. Patient died of heart 
disease three years after examination 
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Fig. 43.—Case 142922. Duration of angina pectoris not known. Patient 
died of heart disease three years and two months after examination 





Fig. 44.—Case 176237. Angina pectoris two years. Patient died in anginal 
attack three and one-half years after examination 
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Fig. 45.—Case 142863. Angina pectoris ten years. Patient died of heart | 
disease three years and eight months after examination 





Fig. 46.—Case 145892. Angina pectoris three years. Patient died in anginal 
attack four years after examination. 
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Fig. 47.—Case 144362. Angina pectoris six weeks. . Patient died of heart 
disease four and one-half years after examination. 





Fig. 48—Case 180323. Angina pectoris two years. Patient died of heart 
disease. Date not known. 
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Fig. 49.—Case 247209. Angina pectoris one year. Patient died of heart 
disease. Date not known 





Fig. 50.—Case 164904. Angina pectoris six months. Patient died of heart 
disease. Date not known. 
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Fig. 51—Case 160498. Angina pectoris six months. Patient died of heart 
disease. Date not known 





Fig. 52.—Case 182470. Angina pectoris four years. Patient died of heart 
disease. Date not known 
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STUDIES ON RENAL THRESHOLD FOR GLUCOSE * 


KINGO GOTO, M.D. ann NOBUZO KUNO, MLD. 


TOKYO, JAPAN 


INTRODUCTION 


The bibliography of renal glycosuria is already given by one of 
us. In renal glycosuria glucose is excreted in the urine, owing to the 
descending of the renal threshold, while the carbohydrate metabolism is 
normal. The renal threshold for glucose is the smallest limit of the 
content of glucose in the blood, in which sugar is first to be excreted 
in urine. 

In diagnosing renal glycosuria, it is essential to determine the con- 
tent of sugar in the blood and the renal threshold for glucose. We 
first measured the sugar in the blood of the normal Japanese and then 
the alimental hyperglycemia in the blood which occurred after giving 
100 gm. glucose. In this experiment we discriminated between those 
who eliminated sugar in the urine after the intake and those who did 
not. Then, giving again a smaller quantity of glucose to those who 
excreted sugar, we tried to investigate the renal threshold for glucose. 
Finally, we made various tests of renal function in the cases of lowered 
threshold to see whether the renal function was normal or not. We 
made tests on fifty-three adults. 


I. SUGAR IN THE BLOOD OF NORMAL JAPANESE 


We applied the Meyers-Bailey *? method to measure the amount of 
sugar in the blood. For measuring the sugar in the urine, we used 
qualitatively the Benedict * method and the Almen-Nylander method, 
and quantitatively the Benedict and Osterberg * method. 


1. Sugar in the Blood of Normal Adults After a Fast Overnight. — 
It is well known that sugar in the blood is increased in the normal person 
by the influence of food, and that it is almost constant in the morning 
after the fast over night. In our research the subject was not permitted 
to take anything after supper. He was bled at 8 a. m. and the sugar 
in the blood was measured. We used the plasma. The results are 
shown in Tables 1 and 2. The minimum was 0.066 per cent. and the 
maximum 0.116 per cent., the average being 0.092 per cent. 


*From the Hospital of the Medical School, Tokyo Imperial University. 
1. Goto, K.: Arch. Int. Med. 22:96 (July) 1918. 

2. Meyers, V. C., and Bailey, C. V.: J. Biol. Chem. 24:147, 1916. 

3. Benedict, S. R.: J. A. M. A. 57:1193 (Oct.) 1911. 

4. Benedict, S. R., and Osterberg, E.: J. Biol. Chem. 34:195, 1918. 
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Table 3 shows that in the majority of cases the sugar content of 


the blood is between 0.08 and 0.11 per cent. 


Table four shows the 


sugar content of the blood of normal adults after fasting as determined 


by various authors. 
TaABLe 3 


Sugar in Blood (Plasma) 
0.06 0.07 per cent. 
0.071 0.08 per cent 
0.081 - 0.08 per cent. 
0.001 0.10 per cent. 
0.101 — 0.11 per cent. 
0.111 0.12 per eent 
0.121 - 0.13 per cent 


TABLE 4.—Amount or BLoop SuGar Founp sy Various AUTHORS 


Author Method 








PDs casctccctssedes obese Abeles....... - jibbiesees 

0 aa Sa 

PE eibthicatianesescentseeal Eckhetehbeeed 

ns rnc edcewsneseceoaa CO . nepnlinbtitie 
Din ccoswesdestoosesess in chedtpnetuedcdeectacsnessce ; 


Gettler and Baker.............| Lewis and Benedict................ 
Cummings and Pines......... Cummings and Pines’ modification 
of Lewis and Benedict's method 
Meyers and Bailey’s modification 
of Lewis and Benedict's method 
isin dchenicessixe seth | Lewis and Benedict.................. 

Denis, Aub and Minot.........| Meyers and Bailey...... 
Goto and Kuno............... Meyers and Balley......... 


Meyers and Bailey............ 








Number of Cases 


6 


Sugar, 


Blood 
per Cent. 
0.07 0.1 
0.1 0.11 
0.06 0.12 
0.05 0.11 
0.065 0.11 
0.0 - 0.11 
0.044 - 0.12 
0.09 0.11 
0.06 0.11 
0.085 - 0.12 
0.066 - 0.116 





Average 


0.085 


0.07 


0.10 


0.001 


(2) Alimentary Glycosuria and Hyperglycemia in Normal Persons. 
—When 100 gm. of glucose are taken in the morning, the sugar in the 
blood rises and reaches its maximum in from twenty minutes to one 


hour. 
below it. 
of sugar. 


It remains for two or three hours and then falls to normal or 
The maximum is usually between 0.17 and 0.18 per cent. 


The duration of the hyperglycemia and its height are closely related 
to the condition of the carbohydrate metabolism of the subject, and, 


therefore, these factors are important in the diagnosis of diabetes. If 
carbohydrate metabolism is abnormal, its maximum degree is higher 


and the duration is longer than normal. 


The studies of Hopkins,’ 


Epstein,® Hamman-Hirschman,’ Cummings-Pines,* Bailey,’ Williams 
and Humphreys concerning the alimentary hyperglycemia of dia- 





5. Hopkins, A. R.: Am. J. M. Sc. 149:254, 1915. 


8. Cummings, R., and Pines, G.: Arch. Int. Med 


6. Epstein, A. A.: Studies on hyperglycemia in relation to glycosuria, 1916, 
New York. 
7. Hamman, L., and Hirschman, I. I.: Arch. Int. Med. 20:761 (Nov.) 1917. 
9. Bailey, C. V.: Arch. Int. Med. 23:455 (April) 1919 
10. Williams, J. R., and Humpreys, E. M.: Arch. Int. Med. 28:537 (April) 


1919, 


19:777 (May) 1917 
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betes after the glucose intake show similar results. One hundred gm. 
of glucose were given to three mild diabetics by Hamman and Hirsch- 
man.” The percentage of sugar rose to above 0.2 per cent. and the 
ascending curves were very slow, covering three or four hours. In 
Williams and Humphreys *® report, 100 gm. glucose were given to 
twelve mild diabetics; only one of them showed from 0.14 to 0.16 per 
cent sugar, but in eleven other cases the sugar was between 0.2 and 
0.3 per cent., and the duration was also longer. 

Sugar is always excreted after the glucose test, even in mild dia- 
betes. In the three tests made by Hamman and Hirschman it was 
3, 6.8 and 7 gm., respectively. Williams found from 1 to 10 gm. 
sugar excreted in the urine. In normal persons, after taking 100 gm. 
glucose, sugar is sometimes found in the urine, and sometimes not; the 
total quantity is very small, usually less than 1 gm. 

TABLE 5.—Svucar 1x Bioop Durine Fast 














Cases Cases 
Sugar, per Cent. Which Exereted Which Excreted 

No Sugar Sugar 
ES Oe onntedncstesabenmdesndbtecintbextedns _ 2 
ST © GD cavsenecenest benbediecdkendbunenseenncee 3 3 
GED © OED cccccccccovesccerssscesvecesscssnescee 10 6 
SE © BP + ouxcanceeseensethedisedietedawiwertes 3 ll 
0.10 - 0.11 3 9 
0.11 -— 0.12 1 1 
Geet © Ge cecendscesocesascaveceecesenvenss Faence - 1 





In the glucose test it is necessary to consider the nutrition, the 
body weight of the individual, the absorption power of the intestine 
and the decomposition of sugar in the intestines or in the blood. It 
is especially essential to consider the absorption power of the intestines, 
although this has been neglected in the past. In our experiment we 
gave 100 gm. glucose, dissolved in 150 c.c. water in the morning after 
the fast over night. The individuals weighed from 42 to 63 kg., so 
that from 2.3 to 1.6 gm. glucose were given per kilo of body weight. 
Among the fifty-three adults, twenty did not excrete sugar in the urine 
after taking the glucose. The quantity of sugar excreted by the remain- 
ing thirty-three subjects was very small, between 0.25 and 0.795 gm. 

In Table 1 are shown the cases which did not excrete sugar in the 
urine after taking glucose. In Table 2 are shown the cases which did 
excrete sugar after taking glucose. . Diuresis was present in some cases 
and not in others. In Tables 1 and 2 are classified the cases which did 
not show diuresis, the cases which showed diuresis, and the cases which 
excreted all the ingested water. The sugar in the blood shown in 
Table 1 is generally lower than that in Table 2; i. e., the former average 
is 0.089 per cent. and the latter is 0.093 per cent. 

In alimentary hyperglycemia after the glucose test, the highest per- 
centage of the sugar in the blood in the cases in which sugar is not 
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excreted in the urine is between 0.0114 and 0.185 per cent., the average 
being 0.142 per cent. 

The highest percentage of sugar in the blood in the cases in which 
sugar is excreted in urine is between 0.128 and 0.196 per cent., the 
average being 0.160 per cent. 


TABLE 6.—Tue HicHest Decree or ALIMENTARY HYPERGLYCEMIA 








Cases | 


Cases 
Which Excreted 








Sugar in Blood, per Cent. Which Excreted 

No Sugar Sugar 
OEE © OOD cccccascesssctcescccocs adiene 4 _ 
Ce = GE pn ceccescess ebécewes _— 1 2 
Ce ~ CAME ocnccccssce : , see i 5 3 
0.14 - 0.15 ..... _ paves . . 1 5 
eee coves 4 4 
er 2 5 
SS 1 3 
Cee GP ccdeccsccesacese 1 5 
el 2 WE erdosaussenceses 1 


Table 6 shows that, generally speaking, the highest percentage of 
alimentary hyperglycemia in the cases which excrete no sugar is com- 
paratively lower than in the cases which excrete sugar. Table 1 shows 
that the sugar always increases in the blood after the ingestion of 
glucose, reaching the maximum in from twenty minutes to two hours, 
and becoming normal again in three hours. But in most cases the 
maximum is reached in from twenty minutes to one hour. 

Cases 9 and 10 (Table 1) show that the sugar in the blood is not 
normal even after three hours. In the Case 12 it did not increase 
decisively until the third hour. 

In Table 2, in the cases with sugar in the urine, it also reached the 
highest percentage in from twenty minutes to one and one-half hours. 
Most of the cases return to normal within three hours. Cases 14, 29 
and 31 did not. The last five cases in Table 2 show that the alimentary 
hyperglycemia is comparatively high and continues for a long time; 
but there is no abnormal hyperglycemia during the fast. 

In Cases 31 and 32, the sugar excreted in the urine amounts to 
nearly 1 gm. This is relatively large, but the time of excretion was 
short, the sugar disappearing at the third hour. In Case 31 the hyper- 
glycemia did not return to normal in the third hour. Case 33 excreted 
sugar till the fourth hour, but the quantity in the urine was relatively 
small and the sugar in the blood became normal at the third hour. 

According to these tests, it is obvious that the carbohydrate metabo- 
lism of these five cases is somewhat different from normal, if we 
consider that the alimentary hyperglycemia normally reaches 0.17 or 
0.18 per cent. and becomes normal on the third hour after the glucose 
is taken. 
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Table 7 details the alimentary hyperglycemia noted by various 
authors after ingestion of 100 gm. glucose and their results will be 
compared with ours. 


TABLE 7.—Attmentary HyperGlycemMiA Arter THE INTAKE oF 100 Gm. oF 








GLUCOSE 
Authors No. of Tests Alimentary Sugar Reaction 
(Persons) Hyperglycemia in Urine 
Frank ; 7 0.12 -0.18 2 (+) 
Bing and B. Jacobsen.. ° 10 0.098-0.17 
Th. B. Jakobsen . , 14 \6 0.12 -0.16 (—) 
8 0.17 -0.227 (+) 
Hopkins.. we 8 0.14 -0.156 
Graham ; . , eee 3 0.09 -0.18 
Hamman and Hirschmann 6 0.1 -0.13 2 (+) 
20 0.114-0.185 (—) 
Goto and Kuno , 53 :28 0.129-0.196 (+) 
(5 0.192-0.231 (+) 


5 
(lowered sugar 
tolerance) 


TABLE 8.—Drvresis 


After Glucose Test 





Volume of Urine, C.e. Cases Cases Which 
Which Execreted Did Not Exerete 
Sugar Sugar 
0 - 100.. 2 4 
100 - 200 6 14 
200 - 300 6 7 
300 - 400 4 3 
400 — 500 ssi 3 
500 - 600 1 2 
600 — 700.. —_ — 
700 - 800 1 a= 





Some authors state that diuresis is often caused in diabetic patients 
after the glucose intake. In our investigation we classified the cases 
into three groups: (1) the cases in which diuresis takes place, (2) the 
cases in which it does not take place, and (3) the cases in which all 
the intaken water is excreted. 

The average of the maximum of the sugar in the blood in cases 
which show diuresis is lower than in cases with no diuresis; however, 
the average in both is nearly the same. 


Il. RENAL THRESHOLD 


The renal threshold for glucose is a very important factor for tlie 
study of renal glycosuria and of diabetes. However, this question 
is generally neglected owing to the difficulty of the investigation. 

Jakobsen ** studied the alimentary hyperglycemia after the intake 
of glucose in thirteen adults. He found that when the alimentary 
hyperglycemia was below 0.16 per cent. there was no sugar in the urine. 


11. Jakobsen, Th. B.: Biochem. Ztschr. 56:471, 1913. 
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When hyperglycemia was above 0.17 per cent., sugar appeared. Ham- 
man and Hirschman‘ investigated the renal threshold in six persons 
and found some with a lowered threshold. Foster stated that the 
threshold is between 0.149 and 0.164 per cent. One of us' reviewed 
these bibliographies in detail. More recently Williams and Hum- 
phreys *° published the results of their investigation. 

The renal threshold is not constant in every normal person, and 
it is often low, according to Hamman and Hirschmann. If the thresh- 
old is lowered the increased sugar in the blood after meals rich in 
carbohydrate will appear in the urine, easily exceeding the threshold. 
We tried to investigate whether the alimentary hyperglycemia and 
the renal threshold are normal in cases in which sugar is excreted in 
the urine after the glucose test. We gave 50 gm. glucose dissolved in 
125 c.c. of water to the persons who excreted sugar in the urine, in 
the same way as with 100 gm. and examined whether sugar is excreted 
again in the urine, and also the threshold for glucose. Five out of 
fourteen persons eliminated sugar. These results are shown in detail 
in Table 9. 


TABLE 10.—Renat THresHoip 





Norma! Threshold, per Cent. Lowered Threshold, per Cent. 











le Uh ceccccecesoceccvees 0.168-0.172 Te Ih. ecevetbetonvenseni 0.123-0.135 
is Tis acce neaceeeusne 0.158-0. 169 = Spenser 0.142-0.160 
eS De ED senseceriveanimvend 0.122-0.129 
hh eebbeasseeeubebennds 0.167-0.230 Ei Ti dendecendénacseuaaee 0.139 

a B- 0.150 

5 ener 0.120 

, 4, eR 0.122 

Es E> cevuwnccvccevecenesll 0.146 








If we regard from 0.17 to 0.18 per cent. sugar as being normal, 
the threshold of four people out of the fourteen is normal, and that of 
the eight people is clearly lowered. The results are shown in Table 10. 

In many of the cases in Table 11, in which sugar was eliminated 
in the urine after the intake of 100 gm. glucose, the carbohydrate metab- 
olism is not affected, except in the five cases mentioned, and some of 
the former show the lowered threshold for glucose as shown in Table 
11. These cases are by no means diabetic, but are a kind of renal 
glycosuria, because there is no abnormal hyperglycemia, and the excre- 
tion of sugar is caused by the lowered renal threshold. If these 
individuals with lowered threshold should take a diet rich in carbo- 
hydrate, sugar might be excreted in the urine. It is believed that the 
sugar in the blood rises to almost 0.15 per cent. after a Japanese diet, 
which is chiefly composed of rice and vegetables rich in carbohydrate. 
Sugar appears easily after such meals if the threshold is lowered below 
this level of 0.15 per cent. 
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We next gave cooked rice, according to the Japanese fashion, to 
the individuals with the lowered threshold in the morning after an all 
night fast, and examined the sugar in the blood and in the urine. In 
some cases after the ingestion of 50 gm. glucose the sugar in the blood 
is higher than when 100 gm. glucose are taken. This is shown in 
Cases 3, 10 and 27 in Table 9, and in Cases 3 and 27 sugar is excreted 
after 100 gm. glucose are taken, but not after the ingestion of 50 gm. 


TABLE 11.—Rice (Cookep Accorpinc to JAPANESE FasHion) Was Given 
TO THE Person With Lowerep RENAL THRESHOLD 





| Glucose in Urine Sugar in Plasma, Renal 
Cooked | (Benedict) per Cent. Thres- 
Name Rice, |—————_- — - —- — -| hold 
Gm. 2 | #0 60 (1%/ 2 );2%| 0 | i Ihy 2 2% | Tab. 2) 
Min. | Min. Min. Hr. Hr. Hr} Min. | Min. | Min Hr Hr. Hr. 
SS Ee ——— —— | ———— © | ee — — 
I. O. 370hUd| — + — — — | — | 0.155 | 0.150) 0.139 | 0.138 «(0.106 | 0.111 0.16 
I. C. 7 | — + + + + — | 0.176 | 0.160 | 0.129 | 0.104 | 0.128 | 0.125 | 0.15 
1. 8. 370 _ + + +. = 





— | 0.175 0.148 | 0.127 | 0.123) (0.106 : 0.139 


* Boiled potatoes. 


Ill, EXAMINATION OF THE RENAL FUNCTION OF THE INDIVIDUALS 
WITH THE LOWERED THRESHOLD FOR GLUCOSE 


We have stated that the renal threshold for glucose is sometimes 
lowered in healthy adults. In order to learn whether the renal function 
of these individuals is normal or not, we made various tests of the 
renal function. 

(1) Water Test.—lIt is generally believed that the normal adult, 
when one or one and one-half liters of water are taken, eliminates all 
the water within four hours, the specific gravity of the urine falls to 
1.002-1.004; but in the case of persons whose renal function is 
impaired, the excretion is affected and the specific gravity does not fall 
decisively. The method is as follows: One or one and one-half liters 
of water are taken in the morning after an all night fast. The urine is 
voided before taking water and every thirty minutes afterward. The 
quantity and specific gravity are determined. The results are shown 
in Table 12. No difference was noted between the cases with normal 
and those with lowered threshold. 

(2) The Relation Between Concentration of Urea in the Blood and 
the Excretion of Urea in the Urine.—The urea in the blood and in the 
urine were measured by the Van Slyke and Cullen ** method, and 
McLean’s urea index was determined.'* The results are shown in 


Table 13. 


12. Van Slyke, D. D., and Cullen, G. E.: J. Biol. Chem. 19:211, 1914 
13. McLean, F.: J. Exper. Med. 22:212, 366, 1915. 
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(3) The Relation Between the Concentration of the Chlorid in the 
Blood and Its Excretion in the Urine.—The chlorid in the blood was 
measured by Foster’s ** method and the chlorid in the urine by Volhard 
and Arnold’s method. We determined the above mentioned relation 
by McLean’s formula.** The results are shown in Table 14. 


TABLE 13.—Urea 1x Btoop anp McLean’s Urea INDEX 








Calculated Blood Urea in 
Body Volume Specific Urea Urine McLean's 
Number Name Weight of Urine Gravity per Liter Oe Index 
(Table 2) per24 | Blood, Per Per 24 
Hours Gm Liter Hours 
19 K. K. 45.3 8,200 | , 0.29 2.27 18.61 “6 
10 I. C. 48.0 2,000 | 1.023 0.39 10.78 21.61 86 
28 I. A. 51.0 1,400 1.023 0.29 10.22 14.33 ge 
3 - Be 42.6 3,500 qos 0.31 5.63 19.79 Wl 
4 N.8 68.0 5.000 1.015 0.27 4.75 26.58 113 
27 ne Be 41.8 1,000 1.018 0.30 27.9 27.9 350 
15 T. 8. 47.6 3,300 | aoe 0.315 9.48 | 31.24 184 
2 I. 8, 49.5 6,000 are 0.28 4.92 29.53 153 
21 Y. T. 51.0 6000 =6| = «(1.018 0.35 6.7 40.23 156 
8 N. K. 48.5 600 | 1.024 0.345 30.38 18.19 | 165 
| 
32 0.8 47.5 4,800 1.013 0.285 5.09 24.46 138 





| 
| 
| 


TABLE 14.—Tue Retation or THE Rate or CHLorip Excretion (CALcvu- 
LATED AS Soprum CHLoRID) TO CONCENTRATION IN PLASMA 








Sodium Chlorid 
Body Per Per Liter of Plasma 
Number Name Weight, Liter Per2%0 =6-—————- - ——— —_— = 
(Table 2) Kg. of Hours, Caleu- Actual Differ- Threshold 
Urine, Gm. lated, Gm ence, 
Gm. Gm Gm 
15 J. 8. 47.6 3.70 12.2 5.96 
25 I. H. 57.1 12.1 8.15 5.96 
1 Be 51.0 3.5 21.0 6.05 
3 8. T. 426 54 18.9 6.11 
2 I. 8. 49.5 42 25.2 6.12 
19 K. K. 45.3 4.07 33.2 6.21 
10 » & 48.0 40 8.0 5.90 5.62 0.28 5.34 
28 oie 51.0 66 9.25 5.9% 5.98 —).02 5.60 
& N.K 48.5 14.0 8.40 6.01 5.92 —0).09 5.58 
4 N. 8. 63.0 50 28.0 6.11 5.62 —0.49 5.18 
27 i. "Ee 41.8 4.9 14.9 6.19 6.10 0.08 5.51 
32° 0. 8. 47.5 4.1 19.7 6.07 6.10 +0.08 5.66 
—— a ———E——— \ — — 





* Subject with lowered tolerance for sugar. 
DISCUSSION 

Our investigations show that thirty-three of fifty-three healthy 
Japanese adults eliminated sugar after having taken 100 gm. glucose, 
but that the quantity eliminated was very small. Twenty-eight of the 
thirty-three showed no abnormal hyperglycemia and in some cases the 
renal threshold for glucose was clearly low. It is clearly evident, when 
the threshold for glucose is lowered, that the lower the threshold 
the more easily sugar is eliminated in the urine after a carbohydrate 
diet. If the threshold is severely affected, then sugar will be excreted 


14. Foster, G. L.: J. Biol. Chem. 31:483, 1917. 
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in the urine even when the sugar in the blood is normal or very slightly 
higher than normal. 

Since the renal threshold for glucose is sometimes lowered even in 
some normal persons, we must pay careful attention to the diagnosis of 
so-called mild diabetes, in which slight glycosuria is present after meals, 
and in which no clinical symptoms are noted. To diagnose mild 
diabetes and renal glycosuria, it is necessary to examine not only the 
excretion of the sugar in the urine, but also the sugar in the blood after 
the glucose test, and to study the renal threshold for glucose carefully. 


SUM MARY 


In order to investigate the renal threshold for glucose in Japanese, 
glucose tests were made on fifty-five adults. 

1. In the normal adults the sugar in the blood the morning after 
the over night fast was between 0.066 and 0.166 per cent., in the 
majority of cases being from 0.08 to 0.11 per cent., with an average 
of 0.092 per cent. 

2. The sugar in the blood nearly always increased after the ingestion 
of 100 gm. glucose. Thirty-three of the fifty-three persons excreted 
sugar, although the quantity was very small, between 0.025 and 0.795 
gm. . 

3. Persons who did not excrete sugar averaged 0.089 per cent. sugar 
in the blood the morning after the over night fast. The majority 
showed between 0.08 and 0.09 per cent. sugar. The highest percentage 
of alimentary hyperglycemia after the ingestion of 100 gm. glucose 
was between 0.114 and 0.185 per cent., the majority excreting between 
0.11 and 0.16 per cent., with an average of 0.142 per cent. 

4. Persons who excreted sugar averaged 0.093 per cent. sugar in 
the blood in the morning after the over night fast. The majority 
excreted between 0.08 and 0.11 per cent. The highest percentage of 
alimentary hyperglycemia after ingesting 100 gm. glucose was between 
0.128 and 0.196 per cent., the majority excreting between 0.14 and 0.19 
per cent., the average being 0.160 per cent. 

5. No matter whether sugar is excreted in the urine or not, the 
alimentary hyperglycemia reached the maximum between forty and 
sixty minutes after the test and becomes normal within the three hours. 

6. Five persons who excreted sugar showed an abnormal hyper- 
glycemia. The increase of sugar in the blood was quite high, 0.2 per 
cent., and the excretion of sugar in the urine was greater than in the 
other cases. Some of them showed a hyperglycemia of longer dura- 
tion. However, these five individuals had neither hyperglycemia in 
the morning, nor any diabetic symptoms. 
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7. Eight of the fourteen subjects who excreted sugar after the 
glucose test had a lowered threshold for glucose as follows: 0.122 to 
0.129 per cent., 0.120 per cent., 0.122 per cent., 0.123 to 0.135 per 
cent., 0.139 per cent., 0.142 to 0.160 per cent., 0.146 per cent. and 0.160 
per cent. 

8. The renal function of those individuals whose rena! threshold 
for glucose was lowered was normal for the excretion of water, urea 
and chlorids. 

9. Glycosuria appears sometimes even in normal persons owing to 
the lowered threshold for glucose, without any disturbance of carbo- 
hydrate metabolism. Therefore, we must pay careful attention to the 
differentiation of so-called mild diabetes and renal glycosuria.’ 

15. The following references may also be consulted 

Naunyn: Der diabetes mellitus, 1906. 

Bang, I.: Methoden zur Mikrobestimmung einiger Blutbestandteile, Wies- 
baden, 1916. 

Frank, E.: Ztschr. f. Phys. Chem. 70:129, 1911 

Kowarsky, A.: Deutsch. med. Wchnschr. 34:1635, 1913 

Hopkins, A. R.: Am. J. M. Sc. 149:254, 1915. 

Gettler, A. O., and Baker, W.: J. Biol. Chem. 25:217, 1916. 

Joslin, E. P.: Treatment of Diabetes Mellitus, 1917 

Denis, W.; Aub, J. C., and Minot, A. S.: Arch. Int. Med. 20:964 (Dec.) 1917 

Graham, G.: J. Physiol. 1:285, 1915. 

sing, H. J., and Jacobsen, B.: Deutsch. Arch. f. klin. med. 104:432, 19/1 











THE COLLOIDAL GOLD REACTION * 


MARGARET WARWICK, M.D. 


MINNEAPOLIS 


| 
| THE EFFECT OF ANTISYPHILITIC TREATMENT ON | 
. 


Since the first presentation of the colloidal gold reaction by Lange’ 
in 1912, both its technic and significance have been discussed at great 
length in the current medical literature, particularly in Germany and 
this country, until it has now an undisputed place in the routine exam- 
ination of spinal fluids as a definite aid to the diagnosis of many affec- 
tions of the central nervous system. 

A perusal of the voluminous literature on this subject discloses a 
noticeable absence of attention given to the effect of antisyphilitic treat- 





ment on this very important reaction. Our information on this subject 
comes largely from chance comments interspersed at various points in 
general discussions of the colloidal gold reaction by different authors. 
And, after compiling these various bits of information, one is impressed 


1S ak a 


by the great variance of opinion expressed and the lack of proof or 
detailed discussion advanced as a basis for such opinions. 

In a previous publication I (with Nixon)? reviewed this phase 
of the subject in a general discussion of the colloidal gold reaction, 
and at that time decided that it was worthy of a more detailed and 





prolonged consideration. 
Lange‘ in his first presentation of the test claimed that its results 
closely paralleled the clinical course of syphilitic disease of the central 





~en 


nervous system. Eskuchen* noted a general paretic curve change to 
a syphilitic one. Solomon and Koefod* found one case of tabes in 
which five spinal fluids were examined at intervals of several days 
during intraspinal treatment and the curve changed only from 02222- 
10000 to 0012222100. Six other fluids behaved in practically the same 
manner, hence they concluded that there was no marked change in 
treated cases and no relation between the curve and duration or severity 
of the disease. 


Ee eal 





*From the Department of Pathology, University of Minnesota. 
+ 1. Lange: Die Ausflockung kolloidalen Goldes durch Zerebrospinalflussig- 
keit bei luetischen Affektionen des Zentralnervensystem, Ztschr. f. Chemotherap. 
1:44, 1912 

2. Warwick and Nixon: The Colloidal Gold Reaction and Its Clinical Inter- | 
pretation, }—Beper—BMed. 25:119, 1920. np - . 

3. Eskuchen: Die fiinfte Reaktion, Ztschr. f. d. ges. Neurol. u. Psychiat. 
25:486, 1914. 

4. Solomon and Koefod: Experience with Lange’s Colloidal Gold Test in 
135 Spinal Fluids, Boston M. & S. J. 173:996, 1915. 


ee we me 


\ 


_ EE EO ALL LOS Biig TG Oi 
—— =. iz - Ke , 


~~ ow 





ee hee eee 


me 


_ 


7 


Ne 























WARWICK—COLLOIDAL GOLD REACTION 239 


Swalm and Mann * noticed that in remissions and after-treatment 
a paretic curve might be lost or changed to one of the syphilitic type 
Black, Rosenberg and McBride* observed a tendency for vigorous 
intravenous or intraspinal treatment to bring all positive tests toward 
the negative side, but noted that the colloidal gold reaction was the last 
to turn negative, and thus was the most reliable as a prognostic guide 
They saw a paretic curve during treatment change to a syphilitic curve 
and later to a meningitic curve, while the Wassermann reaction changed 
from positive to negative. They concluded that although the colloidal 
gold curve is the last to become negative, it does so only after a clin- 
ical cure. Mehrtens’ thought that the reaction steadily decreased and 
became atypical under treatment. De Crinis and Frank* noted that 
as a patient improved, the colloidal gold curve returned to normal. 
Farnell * found some paretic curves becoming atypical under treatment 
while others remained typical, and some tabetic curves decreased in 
intensity. Hammes? mentioned five cases with antisyphilitic treat- 
ment in which the colloidal gold reaction changed but in only one did 
it become negative. Miller and Levy ** concluded that it was possible 
that this test, in comparison with those used formerly, might prove to 
be more sensitive as an indicator of the results of specific therapy 
in syphilitic diseases of the central nervous system. 

Miller, Brush, Hammers and Felton ** had one case of paresis in 
which, after an extensive course of treatment, a negative curve resulted, 
but this was the only one returning to normal. Two tabetic curves, 
however, became negative under treatment and others became atypical. 
Ayer ™ concluded that all spinal fluid tests are without value in indi- 
cating progress under treatment. Grulee and Moody ** reported one 
case of congenital syphilis in a patient three weeks of age, in which a 
positive colloidal gold reaction, under treatment, became negative at 


5. Swalm and Mann: The Colloidal Gold Test on Spinal Fluid in Paresis 
and Other Mental Diseases, New York M. J. 101:719, 1915. 

Black, Rosenberg and McBride: The Colloidal Gold Test, J. A. M. A 
$€9:1855 (Dec. 1) 1917. 

7. Mehrtens: Discussion, Calif. State M. J. 16:170, 1918. 

8. De Crinis and Frank: Ueber die goldsol reaktion im Liquor cerebro 
spinalis, Miinchen. med. Wchnschr. 61:1261, 1914 

9. Farnell: Observations on the Colloidal Gold Reaction, Providence M. J. 
16:158, 1915. 

10. Hammes: The Comparative Value of the Wassermann, the Colloidal 
Gold and Other Spinal Fluid Tests, Am. J. M. Sc. 154:625, 1917. 

11. Miller and Levy: The Colloidal Gold Reaction in the Cerebrospinal 
Fluid, Bull. Johns Hopkins Hosp. 25:133, 1914. 

12. Miller, Brush, Hammers and Felton: A Further Study of the Diagnostic 
Value of the Colloidal Gold Reaction, Together with a Method for Preparing 
the Reagent, Bull. Johns Hopkins Hosp. 26:391, 1915. 

13. Ayer: Rational Use of Spinal Puncture, J. Nerv. & Ment. Dis. 46:429, 
1917. 

14. Grulee and Moody: Lange’s Gold Chlorid Test on the Cerebrospinal 
Fluid in Congenital Lues, J. A. M. A. 61:13 (Nov. 22) 1913. 
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six weeks and they concluded that treatment modified the reaction but 
to a less degree than it did the Wassermann. Kaplan and McClelland *° 
noted a persistence of the curve in well treated cases and suggested that 
it might be analogous to the “Wassermann-fast” condition. Solomon 
and Southard ** thought that the colloidal gold reaction might remain 
positive after all the other tests became negative, or at times the col- 
loidal gold and Wassermann reactions might both persist. In their 
series they saw three cases with negative colloidal gold reactions, while 
the other tests were positive, hence concluded that changes in the tests 
do not parallel the clinical condition of patients. Solomon, Koefod and 
Welles ** found that after intradural or intravenous treatment only 
slight curves may show. One typical paretic after three weeks’ treat- 
ment with mercury gave a curve of 0011100000. Lee and Hinton ** 
considered that cases having had arsphenamized serum did not give 
uniformly typical gold curves. 

Lowrey ** noted paretic curves becoming syphilitic in type and later 
said * that serologic findings might definitely increase under treatment 
with or without corresponding clinical signs, thus emphasizing the 
importance of the provocative reaction in rare cases. He also stated 
that a negative spinal fluid is not absolutely conclusive evidence of the 
absence of neurosyphilis. Robertson ** thought that the character of 
the curve varied with the clinical improvement or regression of each 
case, and cited two cases of tabes with curves becoming negative. San- 
born ** said that the intensity of the curve diminishes with successive 
treatments. Vogel ** noted five cases of tabes under intraspinal treat- 
ment showing a distinct flattening of the curve in correspondence to 
the patient’s clinical condition and concluded that the colloidal gold 
test is the most sensitive indicator of the changes in the central nervous 
system. 

Contemplation of this wide variability of the opinion of different 
authors leads to a justifiable confusion of ideas, but some elucidation 


15. Kaplan and McClelland: The Precipitation of Colloidal Gold, J. A. M. A. 
62:511 (Feb. 14) 1914. 

16. Solomon and Southard: Notes on Goldsol Diagnostic Work in Neuro- 
syphilis, J. Nerv. & Ment. Dis. 45:230, 1917 

17. Solomon, Koefod and Welles: The Diagnostic Value of Lange’s Goldsol 
Test, Boston M. & S. J. 173:957, 1915. 

18. Lee and Hinton: A Critical Study of Lange’s Colloidal Gold Reaction in 
Cerebrospinal Fluid, Am. J. M. Sc. 148:33, 1914. 

19. Lowrey: Cerebrospinal Fluid Tests, Especially the Gold Reaction in Psy- 
chiatric Diagnosis, J. Nerv. & Ment. Dis. 46:186, 1917 

20. Lowrey: Further Observations on Neurosyphilis and the Psychoses, Arch. 
Neurol. & Psychiat. 3:500, 1920. 

21. Robertson: Discussion, Boston M. & S. J. 174:136, 1916. 

22. Sanborn: Discussion. Ibid. 

23. Vogel: The Nature and Interpretation of the Colloidal Gold Reaction, 
Arch. Int. Med. 22:496 (Oct.) 1918. 























WARWICK—COLLOIDAL GOLD REACTION 241 


may be brought about by the introduction and discussion ef a few 
fundamental conditions. First, it is an accepted fact in most labora- 
tories that an absolutely standard solution of colloidal gold cannot be 
prepared. It may answer all requirements usually made? yet with 
equally satisfactory but different solutions one may obtain slightly 
different curves with the same spinal fluid. These different curves, 
however, fall into the same zones and are relatively the same, varying 
ofly in intensity. Therefore, one must expect that curves in treated 
cases may vary somewhat because of the different solutions necessarily 
used. Second, it must be borne in mind that one may meet all types 
of curves varying from those on the borderline or practically negative 
to very definite, well marked curves. It is easy to understand, there- 
fore, that the worker dealing with a marked, well established curve may 
arrive at an opinion very different from that of another observer con- 
cerned chiefly with low curves and patients tested comparatively early 
in the course of their disease. Third, only by a detailed and careful 
study of a considerable number of cases under carefully noted treat- 
ment is one justified in arriving at any definite conclusion. Conclusions 
indicated by a small series of cases may be overthrown entirely by 
further observations. 

At the University Hospital the usual method of treatment consists 
of intravenous injections of arsphenamin (recently of neo-arsphenamin ) 
followed by spinal drainage twenty minutes later, given at intervals of 
from five to seven days. This method yields frequent spinal fluids for 
examination during the course of treatment, and, therefore, makes 
possible the detailed study suggested. These arsphenamin treatments 
were usually preceded or accompanied by mercury in the form of “rubs” 
or intramuscular injections. A few of the earlier cases received ars- 
phenamized serum intraspinally. These cases are noted in the tables. 
Occasionally, for various reasons, drainage was not done, or the fluid 
obtained was bloody and not fit for routine examination, thus causing 
an apparent wide gap between spinal fluids examined. Also occa- 
sionally a patient received treatments outside the hospital and conse- 
quently a complete record was not always available. 

The accompanying tables represent graphically the results obtained 
in this study. They have been abridged as much as possible, par- 
ticularly the clinical notes, but the main facts on which the diagnosis 
was based are given. The Wassermann tests were made under the 
supervision of Dr. W. P. Larson, chief of the department of bac- 


teriology, but the other laboratory ‘ests were performed by myself 
according to the technic described in an earlier publication,’ thus 
eliminating, as far as possible, the personal equation. 

By curves in Zone I, the so-called “paretic zone,’ 
showing their maximum intensity in -he first five tubes, the higher dilu- 


’ 


are meant curves 
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248 ARCHIVES OF INTERNAL MEDICINE 


and also quite frequently in cases of multiple sclerosis. By curves in 
Zone II, the so-called “syphilitic zone,” are meant those showing no 
change in the highest dilutions but appearing and reaching a maximum 
in the center, as 0023311000, usually seen in tabes and cerebrospinal 
syphilis and occasionally in multiple sclerosis. The last five tubes con- 
stitute Zone III, or the so-called meningitic zone, and here appear the 
numerous “irritative” curves associated with tumors of the brain or 
spinal cord, myelitis or meningitis of the various types. 

In this series fluids from 35 patients were observed under more or 
less intensive treatment. Of these, two showed no curves, leaving only 
thirty-three curves that were studied. Such a series, particularly as 
a few were observed only for a short time, is still too small to enable 
one to reach any absolutely definite conclusions regarding the effect 
of antisyphilitic treatment on the colloidal gold reaction. However, 
some very significant facts are brought out. 

All of these fluids may roughly be divided into three classes: (1) 
those showing no change under treatment; (2) those decreasing in 
intensity or becoming negative and (3) those increasing in intensity. 
Such a division is, of course, arbitrary and somewhat unsatisfactory, 
as many fluids are on the borderline between the classes, but, in spite 
of that fact, it will give a better idea of the results obtained than a 
consideration of the tables as a whole. In Class 1, if we consider the 
last examination (which represents only the cessation of spinal punc- 
tures and not the terminal condition of the fluid) we find nine fluids, 
or 27 per cent., remaining unchanged. In Class 2, seventeen fluids or 
51.5 per cent., decrease in intensity, and in Class 3, seven fluids, or 
21.5 per cent. increase in intensity. 

Therefore, judging from this limited series, one is justified in the 
assumption that the majority of the colloidal gold curves do actually 
decrease in intensity after treatment. At the same time, however, one 
must note that of these thirty-three curves only five, or 15 per cent., 
came down to an absolute negative, and even in these five one must 
admit the possibility of the reappearance of the curve if later fluids 
had been examined. On the other hand, one is confronted by the 
possible inadequacy of the treatment, and it must be admitted that, if 
continued often enough, the colloidal gold curves might have become 
permanently negative. However, with the figures at hand one is 
justified in making the statement that even though the colloidal gold 
curve decreases during treatment it very rarely disappears entirely. 

The results of these tables point to the fact that, in general, the 
more pronounced curves, particularly in Zone 1, resisted the effect of 
treatment to a much more marked degree than did those of Zone II. 
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The less pronounced curves responded to treatment and more readily 
returned to normal. But in these last cases no more and fre- 
quently much less clinical improvement was noted than in those 
having more pronounced curves which so successfully resisted treat- 
ment. For example, Case 15695 showed very marked clinical improve- 
ment and by keeping up treatment at the dispensary the patient was 
enabled to live a fairly normal and useful life for a number of years, 
yet her spinal fluid showed at all times a pronounced curve and usually 
a positive Wassermann. While this illustrates very well the discrepancy 
between clinical improvement and spinal fluid findings, it points very 
definitely to the fact that, although clinical improvement was marked, 
a cure had not been effected and treatment could not be discontinued 

a fact borne out by clinical symptoms. On the other hand, Case 16137 
was a patient who was bedridden and helpless, while his fluid was 
entirely negative, suggesting that a definite curve, when present, repre- 
sents an uncured condition, while a negative one might occasionally 
prove to be of little value in diagnosis or prognosis. Another patient 
(Case 13428), whose fluid showed a marked decrease in findings, had 
a very temporary improvement, following which he was worse than 
before. 

Case 16137 presented a textbook picture of tabes with typical Char- 
cot joints, yet five different spinal fluids taken during the course of 
treatment were all negative with every routine test. One must con- 
sider here the possibility of previous treatment not obtained in the 
history, but even in that instance it proves quite conclusively that the 
spinal fluid findings do not always parallel the clinical progress of the 
disease in many instances. 

Another case deserving of comment is Case 16942 in which, in the 
absence of any other demonstrable cause for the symptoms, syphilis 
was considered and treatment instituted. The curve was rather an 
indefinite one, pointing more to an irritative type (Zone III) than to 
a syphilitic type (Zone Il). However, during the course of the treat- 
ment and development of the disease, the curve changed from 001333- 
3110 to 0000112211. Here, then, is a case proven at necropsy to be a 
neoplasm of the meninges and not syphilis, yet the colloidal gold curve 
diminished under specific treatment. One must consider here, of 
course, the possibility of syphilis in conjunction with the neoplasm, but 
the absence of a positive Wassermann or necropsy evidences practically 
eliminates such a condition. 

Of the greatest significance of all is Case 15695, in which twenty- 
one spinal fluids were examined during a period of four years, while 
the patient was receiving treatment. She was admitted to the Uni- 


versity Hospital on various occasions with well marked symptoms of 
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taboparesis, but each time improved markedly under treatment and 
was in this way enabled to be up and about as usual most of the time. 
But always on a “vacation” from treatment she had prompt recurrence 
of tabetic symptoms and mental disturbances. During these four years 
her spinal fluid has shown a typical paretic curve in spite of clinical 
improvement. Only once, and that comparatively early in the course, 
did the curve drop back into Zone II; the Nonne showed a great deal 
of fluctuation and the Wassermann was occasionally negative but the 
colloidal gold reaction remained constant. 

Another point of interest that attracts one’s attention on examina- 
tion of the tables is the apparent “provocative” reaction, well illustrated 
by Cases 15803, 15857 and 15990. It is significant that the Wasser- 
mann also became positive under treatment. These cases prove quite 
conclusively a fact much disputed in the literature, namely, that a pro- 
vocative reaction is possible in the spinal fluid as well as in the blood. 
Therefore, a patient suspected of having an incipient syphilitic infec- 
tion of the central nervous system should not be pronounced free of 
the disease until an entirely negative spinal fluid has been obtained 
following one or several antisyphilitic treatments. 

Occasionally one sees a spinal fluid giving a negative curve after 
treatment but very soon becoming positive again. This is very fre- 
quently (but not always) accompanied by a drop in the cell count and 
a negative Wassermann, as in Case 17811. Because of this fact, undue 
emphasis as to prognosis or regulation of the amount of therapy should 
not be put on one negative colloidal gold curve or a negative Wasser- 
mann, as only too often it is followed by later positive results, some- 
times even more marked than formerly, if later spinal punctures be 
done. It also suggests the advisability of doing an occasional prophy- 
lactic spinal puncture on a patient who appears cured and has shown 
an entirely negative spinal fluid. While one admits that there is a 
marked lack of correlation between the colloidal gold curve and the 
severity or progress of the disease, one must grant that as long as a 
patient shows positive findings in his spinal fluid he cannot be con- 
sidered cured. 

In many of the cases in this series there was a definite intensifica- 
tion of the curve during treatment, and this can only be explained by 
suggesting the possibility of an increase in the extent or severity of 
the disease or by a temporary activation of the infection, causing an 
increase in the substances in the cerebrospinal fluid which precipitate 
the colloidal gold. 

One very practical lesson to be learned from this study is the 
importance of a detailed history concerning former syphilitic treatment. 
A diagnostician seeing one of these patients for the first time might 


be led rather far afield if he placed much dependence on the spinal fluid 
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findings, all of which were negative or indefinite because of former 
treatment. For example, Case 19080 never showed a very pronounced 
colloidal gold curve although the other tests suggested tabes. In an 
attempt to find a reason for this, more detailed questioning revealed 
the fact that he had had fairly intensive treatment before being 
admitted to the hospital. Therefore, the colloidal gold reaction, which 
has been proved to be of primary importance in the diagnosis of affec 

tions of the central nervous system, may lose its significance and impor- 
tance after the antisyphilitic treatment has been instituted. A marked 
curve, should it persist, will still be a valuable aid to diagnosis and to 
a less degree prognosis, but a low or negative curve may be only a 
detriment in the final consideration of the facts of the case. 

It should here be stated that the treatment referred to is that of only 
the tertiary stage or that administered after the time which has elapsed 
until the usual appearance of the tertiary stage. Treatment given in 
the primary or secondary stages will either prevent the appearance of 
the lesions of the central nervous system or have no effect whatsoever 
on their tardy development. Much has been said in the current med- 
ical literature by various authors about the colloidal gold curve becom- 
ing atypical after treatment, although no detailed figures are given 
to show exactly what is meant by such a term. But those statements 
are not borne out in this series. Some curves decreased in intensity 
or disappeared altogether, but as long as they were present at all 
they remained in the same zone and were of the same type as when at 
their greatest intensity. In a very few instances, however, a curve 
in Zone I dropped back to Zone II after treatment, suggesting that that 
might be the order of disappearance ; even then they were typical for 
Zone II. But in our series the majority of curves in Zone I resisted the 
effects of treatment. 

The behavior of the Nonne, cell count and Wassermann reaction 
toward the antisyphilitic treatment is also of interest here. Of the 
thirty-five cases shown in the tables the Wassermann remained positive 
throughout in 15, or 43 per cent.; it became negative in 12, or 34.5 
per cent.; in 4, or 11.5 per cent. it was negative throughout and in 6, 
or 17 per cent., it was negative at some time but again became positive 
and of these 6, 3 were “provocative.” 

The Nonne was uniformly positive in 16, or 45 per cent.; variable 
in 19, or 54 per cent., of which 6, or 17 per cent., became finally nega- 
tive, and 8, or 23 per cent., were “provocative.” 

The cell count varied widely and apparently bore no relationship 
to the intensity or fluctuation of the colloidal gold curve or clinical 


progress or improvement of the disease. This variation in the cell 
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count has been noted by Mitchel, Darling and Newcomb,”* who in two 
weeks made 300 counts on thirty-four patients with untreated syphilis, 
and found great variations in short intervals in every stage of the dis- 
ease and no parallelism with the clinical symptoms. Solomon and 
Koefod,?® in a similar study of cases after treatment, found a great 
variation in the number of cells, often in intervals of only a few days, 
and concluded that the cell count gives no definite information on dura- 
tion, severity or prognosis of the disease and is of no value in differen- 
tiating between the different types of syphilitic infection of the central 
nervous system, which observations are borne out by this series. It may 
be noted here, however, that there was usually a decrease of cells under 
treatment, and they do not follow the colloidal gold curve or Wasser- 
mann in the provocative reactions. 

When confronted by these apparently variable results, in seeking 
an explanation one naturally turns to the somewhat vague and variable 
theories of the cause of the action of the syphilitic spinal fluids on 
the colloidal gold and the resulting precipitation. One is first tempted 
into the field of theorizing by the possibility of the actual presence 
of the Spirochaeta pallida in the spinal fluid. We are accustomed to 
think of the late localization of this spirochete in the central nervous 
system as the actual cause of the various syphilitic infections of the 
brain or spinal cord—a condition which may be prevented by early 
and vigorous treatment. However, while admitting the possibility, one 
does not admit the probability of the spirochetes being the actual cause 
of colloidal gold curves. The difficulty with which the spirochetes are 
found in the fluid, the long persistence of the curve after the lesions 
have become chronic and inactive, and the lack of relationship between 
the curves and clinical symptoms or improvement do not support such 
a theory. 

Second in consideration comes the possibility of the presence of 
antibodies being the causative factor, due to the intimate association 
of the spinal fluid and affected parts. We believe these antibodies to 
be the cause of the Wassermann reaction in the spinal fluid. However, 
the positive Wassermann and colloidal gold curves, while usually asso- 
ciated, frequently appear and disappear at entirely different times, 
occasionally one persisting long after the other. Therefore, one is 
justified in the assumption that they may be caused by entirely different 
substances. 

A third possibility to be considered is that of changes, due to the 
disease, in the permeability of the choroid plexus, thereby causing a 


24. Mitchel, Darling and Newcomb: Observations on Spinal Fluid Cell Count 
in Untreated Cases of Cerebrospinal Syphilis, J. Nerv. & Ment. Dis. 41:686, 1914 

25. Solomon and Koefod: Significance of Changes in Cellular Content of 
Cerebrospinal Fluid in Neurosyphilis, Boston M. & S. J. 173:996, 1915 
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change in the constituents of the spinal fluid. This has been thought 
to be true in meningitis where one has reason to believe that there is 
leakage of blood serum into the cerebrospinal fluid, a fact which is 
borne out by the ability to produce the same curve in Zone III by 
adding blood serum to the spinal fluid. One finds it difficult to believe, 
moreover, that the secretory apparatus could be so changed by the 
same organism as to produce products giving curves as different as 
those of paresis and tabes. 

The last and most plausible possibilty is that of definite changes 
or lesions produced in the central nervous system and giving off sub- 
stances into the cerebrospinal fluid. In all probability advanced syph- 
ilitic lesions, like tuberculous lesions, are not cured or obliterated by 
treatment but merely rendered inactive or stationary. It is easy to 
believe, then, that these persisting lesions may continue to give oif 
substances which may produce positive colloidal gold curves for a long 
period of time. This theory is strengthened by the fact that the earlier 
less marked cases show a colloidal gold curve soon returning to normal, 
while the later, well developed cases show a curve which resists all 
treatment. It is also possible that the type of this lesion may vary 
somewhat in individual cases which may mean that substances slightly 
different in amount or constituents may appear in various cases and 
produce colloidal gold curves which, while adhering to type, behave 
differently toward antisyphilitic treatment. 

The elusive character or composition of such a substance has led 
to much conjecture and, as yet, incomplete experimental work. Wes- 
ton,** 
considered it to be the effect of the relationship between the globulin 


thought that the reaction was caused by a globulin. Felton * 


and albumin—the former precipitating, the later protecting. Cruick- 
shank ** in a more recent article, after careful experimental work, 
found the colloidal gold curve to be caused by a change in the globulin 
and not merely increased globulin. 


SUMMARY 
1. The colloidal gold reaction shows a tendency to decrease under 
the influence of antisyphilitic treatment, but may remain unchanged 
or even increase in intensity. 
2. The more pronounced the colloidal gold curve the less it is 
affected by treatment. On the other hand, the lower curves are more 
readily brought down to normal. 


26. Weston: The Colloidal Gold Precipitating Substance in the Cerebr 
spinal Fluid in Paresis, J. Med. Res. 34:107, 1916. 

27. Felton: Cerebrospinal Fluid and the Colloidal Gold Test, New York M. J. 
110:1170, 1917. 

28. Cruickshank: The Value and Mechanism of the Colloidal Gold Test, Brit. 
J. Exper. Path. 1:107, 1920. 
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3. A positive colloidal gold curve may be of diagnostic value in 
cases having received previous treatment, but a negative reaction is 
of less significance 

4. A “provocative” reaction may appear in the spinal fluid as well 
as in the blood Wassermann as a result of the institution of treatment 

5. The colloidal gold reaction does not parallel or follow the clin- 
ical symptoms of the progression or regression of the disease. 

6. If the colloidal gold curve changes after treatment, it increases 
or decreases in intensity and occasionally drops back into another zone, 
but is usually a symmetrical curve and does not become atypical. 

7. The Nonne and Wassermann reactions tend to parallel the col- 
loidal gold curve in its behavior to treatment and in the provocative 
reaction, 

8. The cell count is increased only in spinal fluids from cases show- 
ing affection of the central nervous system, but even in such cases it 
is not always constant and bears very little relationship to the other 


routine tests or to clinical signs, improvement or provocative reactions 




















SINISTRALITY IN RELATION TO HIGH BLOOD 
PRESSURE AND DEFECTS OF SPEECH 


CLARENCE QUINAN, M.D 


SAN FRANCISCO 


INTRODUCTION 


From the clinical point of view, left-handedness is usually regarded 
as an insignificant physical peculiarity. Various authors, it is true, 
point out that this affection may have a background of psychomotor 
symptoms, but such statements seem to have attracted very little atten- 
tion. In 1870, Cooke * declared his belief that all left-handed persons 
are “more or less ‘odd,’” and this is probably a fair expression of 
current opinion on the subject today. It does not appear to be generally 
known that in addition to a simple form, there are crossed forms of 
left-handedness or sinistrality. The simple, familiar form may reveal 
itself in an individual through some deviation from the right-handed 
conventions. On the other hand, the crossed forms are latent and 
unless they are sought for they escape observation. Left-eyedness, for 
example, is not uncommon in the right-handed and, conversely, right- 
eyedness is common in sinistrals. The etiology of these mixed types 
is obscure. Perhaps, in some instances they may be due to a com- 
pulsory change of handedness effected in early childhood. Few reports 
are available in the literature as to the relative numerical impor- 
tance of the crossed forms, but they appear to be more prevalent than 
simple left-handedness. 

The object of this paper is (1) to review the literature of the subject 
and (2) to present the results of an investigation of left-handedness 


in relation to high blood pressure and speech defects 


REVIEW OF LITERATURI 


In view of the fact that more or less exhaustive analyses of the 
literature of left-handedness are available in the papers of Beeley,’ 
Smith * and others, it will suffice for the present purpose to consider 
previous contributions with especial reference to (a) heredity, (b) 
prevalence and (c) symptoms. 

Heredity —Bardeleben * carried out extensive osteologic studies on 

1. Cooke, R. H.: Left-Handedness, Lancet, 2:526, 1870. 

2. Beeley, A. L.: Left-Handedness, Am. J. Phys. Anthrop., 2:389, 1919 

3. Smith, L. G.: A Brief Survey of Right-Handedness and Left-Handedness, 
Pedagogical Sem., 24:19, 1917. 

4. Bardeleben, K.: Ueber bilaterale Asymetrie beim Menschen und _ bei 
hoheren Tieren, Anat. Anz. 34: Erganzungshft. 2, 1909. 
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the higher anthropoid apes by means of comparative measurements of 
the long bones of the extremities. His results prove that, as a rule, 
the bones of the right side are the longer. Mollison (cited by Barde- 
leben) found that righthandedness is characteristic of man, the orang 
and the gibbon. It is most pronounced in man, less marked in the 
orang, and still less in the gibbon. Bardeleben states that his own 
results and those of Mollison show unmistakably that right-handedness 
and left-handedness occurs among the primates, but that the available 
data are inconclusive in many respects and throw very little light either 
on a primitive source of left-handedness or on any determining factor, 
aside from the general one of heredity. 

Ramaley,® from a careful analytical study of data derived from 
610 parents and 1,130 children, concludes that left-handedness is a 
mendelian recessive, and that “the condition probably exists in about 
one-sixth of the population.” 

Lithgow * gives an account of a family in which the “eldest son 
for three generations at least has been left-handed.” 

Prevalence.—Biblical authority (Judges xx, 15-16) establishes the 
fact that the tribe of Benjamin, which numbered about 25,000 men 
capable of bearing arms, had 700 left-handed soldiers who were 
especially skillful with the sling. In that remote age, therefore, accord- 
ing to this evidence, less than 3 per cent. of the male population were 
sinistrals, 

Modern statistics are probably more trustworthy. Schaefer,’ Bal- 
lard* and Smith* found, respectively, 4.06, 4 and 4.5 per cent. of 
left-handedness from surveys of a combined total of 32,318 school 
children. Stier® noted 5.1 per cent. as the proportion among 5,000 
army recruits. Both Ireland*® and Smith* reported 11 per cent. of 
left-handedness from their investigations of imbecile and feebleminded 
children. Smith® states that the proportion among 500 delinquents 
was 6 and 11 per cent., respectively, for boys and girls, whereas the 
proportion among 500 deaf was 4.5 per cent. 

From the statistical data just given it is obvious that approximately 
4 per cent. of normal people are left-handed. 

Turning to the question as to the frequency of latent or crossed 
sinistrality, two reports are available in the literature. Ballard * tested 


5. Ramaley, F Inheritance of Left-Handedness, Am. Naturalist, 47:730, 
1913 
6. Lithgow, R. A.: Left-Handedness, Lancet, 2:660. 1870. 
7. Schaefer, M.: Die Linkshander in den Berliner Gemeindeschulen, Berl 
klin. Wehnschr., 1:295, 1911. 

8. Ballard, P. B.: Sinistrality and Speech, J. Exper. Pedagogy, 1:298, 1911. 

9. Stier, E Linkshandigkeit, besonders in der Armee, Deutsch. med. 
Wehnschr., 35: 1587. 1909 

10. Ireland, W. W.: Notes on.eLeft-Handedness, Brain, 3:207, 1880. 
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fifty-one left-handed people with respect to the “fixing-eye” and found 
that 57 per cent. of them were right-eyed and 43 per cent. were left- 
eyed. Hartshorne *' found nine left-eyed individuals among seventy- 
two right handed patients. Of three left-handed patients, he states 
that two proved to be right-eyed and one left-eyed 

Symptoms.—(a) Psychomotor: Stier * emphasizes the fact that 
enuresis is a common symptom among sinistrals. 

Ballard * makes use of the term “dextro-sinistral” for an individual, 
naturally left-handed, who from early childhood has been trained to 
use the right hand, and he points out that many stammerers belong 
in this class. Stier * agrees with Ballard that speech disturbances are 
particularly common among the left-handed, and the observations of 
Hollis ** are in accord with this view. The statement of Liepmann ** 
that left hemiplegia in a sinistral is rarely accompanied by motor 
aphasia also is of interest in this connection. 

(b) Visual: Wray ™* described two ocular tests of left-handedness 
in the following words: “It is common knowledge that though the 
vision is perfect in each eye and the refraction normal, nearly every 
person has a master-eye; this is determined by holding a ring at arm’s 
length with both eyes open and covering an object a few yards away 
A left-eyed person on shutting his left eye will find the ring too far 
to his left. If, on the other hand, he shuts his right eye he finds 
Another point to which reference 


he is dead-on his object. 
may be made is the almost invariably superior coordination of the right 
hand with the right eye. To show this, facing 6/24 of Snellen’s 
type, point promptly at the middle letter with the index finger of the 
right hand and shut the left eye. If righthanded the pointing is 
accurate. Now by pointing with the left index finger in the same 
way it will be found the pointing is accurate if the experimenter is 
left-handed but inaccurate if he is right-handed 

Rosenbach,’* Baudouin,’® Enslin** and Griesbach ** fully confirm 


” 


Wray’s findings. 


11. Hartshorne, I.: Right-Handedness and Left-Handedness, Albany M 
Ann., 32: 338, 1911. 

12. Hollis: Lopsided Generations, J. Anat. & Physiol., 9:263, 1875. 

13. Liepmann, H.: Ueber die wissenschaftlichen Grundlagen der sogenannten 
“Linkskultur,” Deutsch. med. Wchnschr., 37:1249, 1911. 

14. Wray, C.: Right-Handedness and Left-Brainedness, Lancet, 1:683 
(March 7) 1903. 

15. Rosenbach, O.: Ueber monokulare Vorheerschaft beim binokularen Sehen, 
Muench. med. Wchnschr. 2:1290 (July 28) 1903. 

16. Baudouin, M.: Droiture et Gaucherie oculaires, Gaz. méd. de Par, 
Series 13, 4:353 (July 23) 1904. 

17. Enslin: Kurze Mitteilung ueber ein Augensymptom bei Linkshandern 
Miinchen. med. Wchnschr., 57:2242, 1910 

18. Griesbach, H.: Ueber Linkshandigkeit, Deutsch. med. Wehnschr., 45: 
1408 (Dec. 18) 1919. 
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The objective data which have been referred to in this outline of 
the literature seem definitely to prove: (1) that left-handedness is 
hereditary, and (2) that it strongly suggests a relative inferiority in 
the organization of the central nervous system. The evidence in sup- 
port of the first point is thought to be conclusive. With regard to the 
second point, the relatively frequent occurrence of speech defects 
among the left-handed would seem to show that, in comparison with 
right-handed people, they find themselves at a disadvantage in the 
execution of finely coordinated movements. Moreover, sinistrality is 
exceptionally prevalent among the feebleminded. 


RESULTS OF PERSONAL INVESTIGATIONS 


Technic and Results.—As a tentative theoretical basis for the work 
here reported, four general propositions were kept in view: 

1. That left-handedness is hereditary. 

2. That left-handedness implies a relative inferiority in the organ- 
ization of the central nervous system. 

3. That the etiology of high blood pressure is unknown. 

4. That if high blood pressure may be construed as in any sense 
indicative of constitutional inferiority, or of stresses or maladaptation 
in the central nervous system, then, comparative blood pressure deter- 
minations in right-handed and left-handed individuals, about of the 
same age, might yield information of some value. 

In order to secure practical data, blood pressure observations were 
made on 142 inmates of the San Francisco Home for the Aged. In 
this institution there are 733 ambulatory males whose ages range from 
44 to 89 years. A majority of the men are over 60, and only five 
men under 50 were encountered in the course of this work. Ruling 
out those who were rendered unavailable for examination because of 
loss of vision in one or both eyes, posthemiplegic contractures and other 
lesions, approximately 600 men were included in the survey. All of 
these old people live under the same conditions of housing and food. 

Method of Testing—Each man was questioned as to his handedness 
and as to whether he had been a stammerer in childhood or had suffered 
from other defects of speech. During the interrogation it was borne 
in mind that left-handedness may be simple or crossed and so the 
queries were varied to suit individual cases. In this way sinistrals 
were found who prefer to employ the left hand only in certain activities, 
and one right-handed sinistral was found who stated that although he 
fires a gun from the right shoulder he takes aim with the left eye. Pure 
sinistrals, of course, make use of the left hand practically in every 
manipulation. They hold a knife, spoon or pen in the left hand, fire 
a gun from the left shoulder, and wield various implements with the 
left arm and hand. 
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The “master-eye” was determined in each individual by means of 
Wray’s tests, and, as a rule, the results were definite and satisfactory. 
For confirmative evidence, however, I made use of a pointing test 
based on Ballard’s “cigar-box” test. A wooden “pistol” with a barrel 
nine inches long was used. Each end of the barrel is furnished with 
a sight of fine steel wire one inch in height. The man to be tested 
is directed to seize the “pistol,” hold it at arm’s length and, with 
both eyes open, quickly point it at the observer and at the same time 
to bring the sights into line. If now the observer faces the “pistol” 
at a distance of twenty feet or more, it is at once apparent to him 
with which eye the man takes aim. The “fixing-eye” usually remains 
the same, irrespective of the hand in which the “pistol” is held. 

Systolic blood pressure observations were made in the customary 
manner with Faught’s instrument. 

Results —(a) Sinistrals: In the examination for handedness of 
abount 600 men, forty-two sinistrals were found. These sinistrals 
include twenty-eight left-handed and fourteen right-handed individuals. 

The visual tests led to an even division of the twenty-eight left- 
handed men, as 50 per cent. of them proved to be right-eyed and 
50 per cent. left-eyed. On the other hand, the fourteen right-handed 
men were found to be left-eyed. In view of these findings, therefore, 
it became possible to subdivide the original forty-two sinistrals into 
three equal groups, designated as: Group 1, left-handed, left-eyed, 
pure sinistrals ; Group 2, left-handed, right-eyed, crossed sinistrals, and 
Group 3, right-handed, left-eyed crossed sinistrals. 

Although no record of the number was kept, it seems worth while 
to note the fact that fully one-half of the men in Groups 2 and 3 
laid claim to ambidexterity. 

Five men in Group 1 and two men in Group 2 gave a history of 
stammering. Group 3 was negative in this respect. 

(b) Dextrals: For comparison with the sinistrals, blood pressure 
observations were made on 100 unselected, right-handed, right-eyed 
dextrals. The members of this group were secured from a large 
assemblage of the men, in the order in which they came forward for 
examination, and they are in every way representative of the general 
body of inmates at the Home. Each man was questioned as to his 
handedness and his eyes were examined in the manner already 
described. All men thus tested who proved to be both right-handed 
and right-eyed were accepted as dextrals and determinations of blood 
pressure were made forthwith. 

Five men in the dextral group gave a history of stammering. 

The general results obtained in the examinations of the four groups 
are brought together for comparison in Tables 1 and 2. 
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TABLE 1.—Comparative BLoop Pressure DETERMINATIONS IN SINISTRALS, 
Crossed SINISTRALS AND DeExXTRALS 


Blood Pressure Values 


Mean Age | Over 10 Mm. Mean 
| 


150 Mm., or Less, Value, 
per Cent. per Cent Mm 
Group 1: 14 pure sinistrals (left-handed, | | | 
left-eyed men) : oseeees 65.5 714 28.5 166.7 
Group 2: M4 crossed-sinistrals (left-handed, | 
right-eyed men) ove pendigets 68.2 85.7 | 14.2 182.1 
Group 3: 14 crossed-sinistrals (right-handed, } 
left-eyed men) ee be warm od 63.2 | 714 8 174 
Group 4: 100 pure dextrals (right-handed, | 
right-eyed men : mee i 69.4 46.0 54.0 154.5 


TABLE 2.—Speecu Derects 1n SINnistracs, Crossep SINISTRALS AND DEXTRALS 


History of 
Stammering in 
Childhood, 


per Cent 
Group 1: pure sinistrals..... on be 35.7 
Group 2: crossed sinistrals.. , - , l4 
Group 8: crossed sinistrals.. 0.0 


Group 4: pure dextrals...... 


SUMMARY 


A survey of approximately 600 men between the ages of 44 and 
89 was made with a view to determine (1) the relation of left-handed- 
ness to high blood pressure and (2) the relation of left-handedness to 
defects of speech. The following results were obtained: 

1. Forty-two sinistrals or 7 per cent. were found. Classified with 
reference to the dominant or “master-eye,” these sinistrals form three 
groups, designated as: 

Group 1, left-handed, left-eyed, pure sinistrals. 

Group 2, left-handed, right-eyed, crossed sinistrals. 

Group 3, right-handed, left-eyed, crossed sinistrals. 

2. Compared with a group of 100 right-handed, right-eyed, pure 
dextrals, the mean blood pressure values observed in the sinistral groups 
were from 7.8 to 17.8 per cent. higher. 

3. A mean value of 154.5 mm. was obtained for the dextral group. 
The mean value obtained for the crossed sinistrals of Group 2, was 
182.1 mm 

4. In the three sinistral groups blood pressure values higher than 
150 mm. were noted in from 71 to 85 per cent. of the men, as against 
46 per cent. in the dextral group. 

5. Five per cent. of the pure dextrals gave a history of stammering. 


The proportion in the group of pure sinistrals was 35.7 per cent. 
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CONCLUSIONS 


1. High arterial tension occurs more frequently in left-handed than 
in right-handed people. 

2. In view of the evidence submitted that left-handedness is heredi 
tary, and that it indicates a defective organization of the central nervous 
system, it is concluded that hereditary predisposition is a definite factor 
in the etiology of high blood pressure, and that high arterial tension 
is suggestive of constitutional inferiority. 

3. As compared with dextrals, stammering occurs in sinistrals with 


a frequency from three to seven times greater 
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THE SIGNIFICANCE OF THE EMBOLIC GLOMERULAR 
LESIONS OF SUBACUTE STREPTOCOCCUS 
ENDOCARDITIS * 


GEORGE BAEHR, M.D. 


NEW YORK 


In a previous paper’ based on a study of the kidneys of twenty- 
three cases of subacute bacterial endocarditis due to the Streptococcus 
anhemolyticus (Streptococcus viridans), it was found that in twenty- 
three of the cases a distinctive pathologic lesion existed in the glomeruli. 
This pathologic picture had previously been described by Loehlein * 
in two cases of the disease. As a result of our more extensive study, 
we were inclined to believe that the lesion was specific for this disease.* 

We were also able to demonstrate at that time that the lesions, as 
had been suspected by Loehlein, are due to small bacterial emboli which 
destroy one or more loops at some part of a glomerulus. Eventually, 
complete organization of this damaged segment takes place by invasion 
of fibroblasts from the periphery of Bowman’s capsule. 

The salient features of the lesion which serve to differentiate it 
from other types of glomerular disease are, first, the involvement of 
one or more loops of a variable number of glomeruli; second, the 
absence of any visible disease in the uninvolved glomeruli and in the 
uninvolved portions of affected glomeruli ; and thirdly, the association in 
most of the bacterial cases of all stages of the glomerular process, often 
seen in a single microscopic section. 

These characteristic embolic glomerular lesions usually involve only 
a small minority of the glomeruli. To date, a wealth of material has 
been accumulated, seventy-seven cases of subacute streptococcus endo- 
carditis having come to necropsy at the Mount Sinai Hospital, and 
in only six were as many as from 60 to 90 per cent. of the glomeruli 
involved by the embolic process. 

Secause of the almost universal involvement of the glomeruli in 
these cases, the microscopic picture appeared at first glance not unlike 


*From the Pathological Laboratory of the Mount Sinai Hospital. Work 
done during the tenure of the George Blumenthal, Jr., Fellowship in Pathology. 
1. Baehr, G.: J. Exper. M. 15:330, 1912; Am. J. M. Sc. 144:327, 1912. 

2. Loehlein: Med. Klin. 6:375, 1910. 

3. Since that time (1912) we have had occasion to modify this view slightly. 
One exception has since come under observation in which typical glomerular 
lesions were present, but no endocarditis. The case was not carefully studied 
during life, but was apparently some obscure infection complicated by a peri- 
carditis. Autopsy revealed in addition to a dry pericarditis, multiple focal 
necroses in the liver and spleen, and glomerular lesions indistinguishable from 
those of subacute streptococcus endocarditis 
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that of an acute or chronic glomerulonephritis. In fact, in nine other 
cases in this series which form the subject of another communication,* 
the typical glomerular lesions were obscured by a diffuse, practically 
universal glomerulotubular damage, an acute glomerulonephritis or its 
sequel, chronic diffuse nephritis. The present series of six cases differs 
radically from these, for on closer study and in accordance with the 
criteria just mentioned, it could readily be ascertained that the numer- 
ous glomerular lesions were all of the embolic type. 

In four of these cases in which death occurred in the bacterial 
stage of the endocarditis, all stages of the glomerular lesions were to 
be seen, the same microscopic preparation furnishing examples ranging 
from the most recent to the completely organized stage of the process. 
Often a single glomerulus would show different stages of involvement 
‘ in different portions. Occasional normal glomeruli were to be encoun- 





tered, but these, according to the recent work of Fahr, would not 
exclude a true glomerulonephritis of focal distribution. Of more sig- 
nificance, however, was the fact that the uninvolved portions of dam- 
aged glomeruli remained perfectly normal. 

In two other cases which terminated in death in what Libman ° 
has described as the bacteria-free stage of the endocarditis, only healed 
glomerular lesions were present. But these were so typical that the 
possibility of the lesions being due to an antecedent glomerulonephritis 
could be excluded. In these cases, also, the uninvolved portions of 
damaged glomeruli remained perfectly normal. 

7 The great numerical frequency of the glomerular lesions in the 
above six cases afforded an opportunity to ascertain the effect of such 
lesions upon the renal function. Clinical studies of this nature will 
subsequently be published in collaboration with Dr. E. Libman. For 
present purposes, it is sufficient to state that except for slight albu- 
minuria and microscopic hematuria, none of these cases manifested 





any symptoms which might be construed as indicative of a serious 
disturbance in renal function. 

In other words, even when almost all the glomeruli have been more 
or less damaged by this embolic process, the function of the kidney 
may be unaffected. The explanation is probably to be seen in the 
observation that, unlike in true glomerulonephritis, the uninvolved por- 

. tions of the damaged glomeruli remain normal. Blood continues to 
circulate through these undamaged capillary loops, and this is appar- 
ently sufficient to maintain the normal glomerular functions. 

Another effect of this preservation of a normal circulation through 
portions of most of the glomeruli is to be seen in the tubules in these 

4. Baehr and Lande: J. A. M. A. 75:789 (Sept. 18) 1920 

5. Libman: Am. J. M. Sc. 146:625, 1913 
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kidneys. Most of the blood supply to the tubules of the cortex must 
first pass through the glomerular capillaries. Damage to an entire 
glomerulus, which occurs so frequently in a true diffuse glomerulo- 
nephritis, interferes, therefore, with the circulation to the appropriate 
tubular labyrinth and so induces tubular destruction. On the other 
hand, damage limited sharply to a portion of a glomerulus apparently 
has no such deleterious effect on the tubular labyrinth in connection 
with it. Degeneration and atrophy of tubules with coincident replace- 
ment fibrosis in the interstitium which occurs diffusely throughout the 
kidney after a true glomerulonephritis, is seen here only in occasional 
isolated foci where a glomerulus happens to be destroyed completely 
by the embolic process. 

In the light of the above observations, the development of symptoms 
of renal insufficiency in a patient who is suffering from a subacute 
streptococcus endocarditis is evidence of a diffuse acute glomerulo- 
nephritis, or its sequel, chronic diffuse nephritis. This has actually 
been my experience nine times in this series of seventy-seven cases 
and forms the subject of a previous report. One can be reasonably 
certain that the intercurrent appearance of symptoms of renal insuffi- 
ciency in a case of subacute streptococcus endocarditis is not to be 
ascribed to the embolic glomerular lesions. 
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